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~ 1 MAY 197Nosera ble Pierre S. DuPont
Governor of Dalarusre
Dover, Delaware 19~Ol

Dear Governor DuPost :

lob ed i. the Phase I Inspect ion Report for Sunset Lake Dam in Rev
Castle County, Delaware which has been prepared under authorization of
the Dam Inspection Act, Public Law 92—367 • A brief assesu—~’t of
the dee’s condition is given in the front of the rsport .

Razed en vimsal inspection , available records, calculations and past
operatiosal psrformsnc., Sunset Lake Den, initially listed as a high

4 
• hazard potential structure, but reduced to a .jgnificant hazard potential

• structure as $ result of this inspection , is judged to be in fair
overall condition. The dam’. spillway is considered inadequate since
57 percent of the Spillusy Design Flood —SD?— would overtop the dam.
(The SD?, In this instance, is the 100 year flood) . To Inmire adequacy
of the structure , the following actions , as a minl , are r.c~~~.n”.d:

a. The spibismy’s adequncy should be deter mined by a qualif ted
prof.saiomsl consultant engaged by the oimer using more sophisticated
methods, procedure ., and studies within six months from the date of
approval of this report. Any remedial ussaires necessary to insure the
adequacy of the spi1l~my and to preven t overtopping should be initiated
within calendar year 1950.

b. Within six months from th. date .f approval of this c port ,
.Siee.ri. S s~~~ies and analyse, should be laitiated to determine the
spillmey. f sedttiss coed itios and structural stability. This should
include beurface investigations to determise tarlal ,t4parties
relative to stability. My remedial measures found necessary should
be initiated within calaidar year 1950.

- I c. Within 30 days from th. date of appu,al of this report Mdi-
tiseal stems a~~~r should be placed on the splssbp.d frosting the stoma
wall ovsrf ion structure to prevent further undermining of the wall .

r
~~~~~~~~~~~~
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Dusara ble Rierre S. DuPont

4. Within six stbs from the date of approval of this report the
1$-inch diameter low level outlet should be restored to full operati onal
us., i.e., the valve should be able to be opened or closed witho~at us. • -

of a lever device.

a. Within ems year from the date of app roval of this report a
.yst of ~~~—s1 imapect ion visits should be initiated using a visual
check list s4—~1r to the one enclosed in this report . All draw ings
and cospeta tions relating to repair , renovation and naint~~~uc~e of the
dee for operation and neinte ance should be logged in as $ matter of
record .

A copy of the report is being furnished to Mr. Austin P. Olnep, D.laware
Depmrta t of Ratural Resources and !nviroeeestal Control, the designated
State Office contact for this Program. Within five days of the date of
this letter, a copy sill also be sent to Congres n m.~~~ a. Ivan..
Under the provisions of the Freedom of Information Act, the inspection
report will be mibject to release by this office , upon requaet, thirty
days after the date of thi. letter.

Uditissal copies of this report y be obtained from the Rational
Tachoical Information Services (Ifs) , Springfield , VIrginia 22161

• at a remissible coat . Please allow four to six meeks from the dateL of t1iis iette r for~~~Is to limve copL.s of the report avaUabl e.

An leportant aspect of the Dan Safety Progr will be the ~~~1 e’tatIan
of the rocru r~ -tioss made as a result of the inspection. We accordingly
request that me be advised of proposed act ions tak en by the Stats to
fapl t our resimeundatioss.

- 
Sincerely ,

As stat.’ •~7c.iem.i : Corp. of Raglas.rs/A~~~~~~~ ?~~~~District kgiaeer / )~ ~a

Copies fursia~~gz /~~~Z c ’
Mr. Austin P. Oleay, Secretary /~ 

..,~~~~

Department of Ratursi Resources ad
~~~

Iro ustal Cestrol ~~~~~~~~~~~ ~-j .
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C SUNSET LAICt DAM (DR00046)

U CORPS OF ENGINEERS A5SES~ 1EWI OF GENERAL CONDITIONS

This dam was inspected on 26 October 1978 by Themes Tyler Moore and
Uppineott Engineering Associates , jo int venture under contrac t to the
U. S. Army Engineer District , Phil adelph ia, in accordance with the
Rational Den Inspec t ion Act, Public Liv 92—367 .

Sunset Lake Dam, ini t ially listed as a high hazard potential struc ture ,
but reduced to a significan t hazard potential structure as a result of
this inspect ion, is judged to be in fair overall condition . The dam s
spillimy is considered inadequate since 57 perc ent of the Spilivay Design
Flood —SD?- would overtop the dam . (The SD) , in this instance , is the
100 year Flood). To insure adequacy of the structure, the following
actions , as a miataim , are receemended:

a. The spiliway ’s adequacy shou ld be determined by a qualified
professiona l consultant engaged by the owner using more sophisticated
method s, procedures, and studies within six months from the date of
approval of thi . repor t. Any remedial measures necessary to insure the
adequacy of the spillway and to prevent overtopp ing should be Initiated
within calendar year 1980.

4 ) b. Within six months from the date of approval of this report ,
imgiase~ing studies and analyse, should be izdtiatad to deter mine the
spilivays foundation condition and struc tural stability. Thi. should
i lde subsurface investiga tioss to determine material properties
relativ , to stab ility . Any r edial measures found necessary should
be Initiated within calendar yesr 1980.

e. Within 30 days from the date of app roval of this report Mdi—
tiasal stone armor should be plac ed on the splashp.d fronting the stons
wall overflow structure to prevent further undermining of the wall.

. 4. Within six months from the date of approval of this repor t tils
1$—inch diameter low level outlet should be restor ed to full operat ional
use, i.e. , the valve should be able to be opened or closed -without use

• of a lever device.
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( e. Within one year from the date of approval of this report a
( systen of ,—w~1 imipectiom visits should be initiated using a visual
‘— check list similar to the one enclosed in this report • All dra wings

a.’ sasputatiess relati ng to repair , r~~~~ation ad math t~~~~~e of the
dan fee .peeaeiem and maint~~~ace should be logged in as a netter of

G. TON
- Colone l, Corps of Engineers

District Engineer
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PRABI I RIPORT

NA1~ONAL DAM SAPETY PROGRAM

NAME OF DAM - Sunset Lake Dam ID # DE 00046

STATE LOCATED - Delaware

COUNTY LOCATED - New Castle

STREAM - Muddy Run Tributary
Christina River

DATE OF INSPECTION -26 October 1978

&ief Assesement of General Condition:

Based on visual Inspection, available records, calculations and past operat ional
- performance , Sunset Lake Dam is considered to be in fair overall condition. How-

ever, a portion of the overflow structure consisting of a stone wall fronted by earth

fill Is considered structurally inadequate since most of the mortar bonding the
4 ,

stone together has deteriorated and is almost non-existent. The existing splflway

has a hydraulic capacity equal to 56% of the 100 year flood before the low point of

the earthen embankment Is overtopped, and is therefore considered hydraulically

Inadequate.

To Insure adequacy of the structure, the following action s are recommended:

1) AddItional stone armor should be placed on the splashpad fron ting

the aton, wall overflow structure to prevent further undermining

of the wall. This action should be initia ted immediately.

o

~~~

. -• - ~ /.. S

.4. —
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - 

- . .~~~~~~~~1TL I



— — ~~~~— -  ~ —~~~~~~ -— — — — 
~~
— -——

~~ ~— — ——--— — -~~-~

1~~~~~~~~~~ PHME I REP ORT
SUNSET LAK E DAM ID # DE 00046

2) EngIneering and subsurface Investigations to determine the struc-

tural stability of the deterIorated stone wall overflo w structure

L - should be initiated very soon. This study should be completed and

• any recommended construction begun soon.

3) A further study should be initiated very soon to study the

feasibility of Increasing the hydrauli c capacity of the spillway.

The study should be completed and any r ecommended construct ion

should begin.

4) The 18-inch diameter low level outlet should be restored to full

operational use I.e., the valve should be able to be opened or

closed without use of a lever device. This should be done soon.

— 
5) An annual inspection visit should be initiated using a visual check

list similar to the one enclosed in this report.

AU drawings and computations relating to repaIr, renovation and

maintenance of the dam should be kept as a matter of record. All

visits to the dam for operation and maintenance should be logged

in as a matter of record.

MOOl~~?& LIPPINCO TT - ENGINEERS

/~4 ~~~~~mas Tyler M re, P E
Project Manager
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PREFACE(

This repor t is prepared under guidance contained In the Recommended

Guidelines for Safety Inspection of Dams, for Phase I Investigations. Copies of these

guidelines may be obtained from the Office of Chief of Engineers, Washington, D. C.

20314. The purpose of a Phase I Investigation is to Identify exped1tIo~aly those dams

which may pose hazards to human life or property. The aae ment of the general

condition of the dam Is based upon available data and visual Inspections. Detailed

investigation, and analyses involving topographIc mapping, subsurface - ~ .st1gstIon,

testing, and detailed computational evaluations are beyond the scope of a Phase I

investigation; however, the Investigation Is In tended to Identify any need for such

studies.

U In reviewing this report, it should be realized that the reported condition of

the dam is based on observations of field conditions at the time of Inspection along

with da ta available to the inspection team. It is Importan t to note that the
- 

condition of a dam depends on numerous and constantly changing internal and 
-

external conditions, and is evolutionary In nature. It would be incorrect to assume

that the present condition of the dam will continue to rep resent the condition of the

dam at some point In the future. Only through continued care and inspection can

there be any chance that unsafe conditIons be detected.

-1 • Phase I Inspections are not In tended to provide detailed hydrologic and

hydraulic analyses. In accordance with the established Guideline s, the Spiliway Test

4 -
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( - flood Is based on the estimated “Probable Maximum Flood” for the region (greatest
- reasonably possible stor m runoff ), or fractions thereof. The test flood provides a

measure of rela tive splliway capacity and serves as an aide in deter mining the need -

for more detailed hydrologic nd hydraulic studies, considering the size of the dam,

its general condition and the downstrea m damage potential.

t
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PHASE I INSPEC’flDN REPORT
— NA flONAL DAM SAW’! PROGRAM

NAME OF DAM: SUNSET LAKE DAM

SECflON 1- PROJECT INPORMATION

1.1 GENERAL

a. Authari ty - The Dam Inspection Act, Public Law 92-367, dated

August 8, 1972, provides for the report herein. The Inspection of Sunset

Lake Dam was initIated under Contract DACW61-79-C-006 with the -

Department of the Army, Philadelp hia District , Corps of Engineers by

the engineering firms of Thomas Tyler Moor e and Lippincott Engineering

• Associates under a join t venture.

• b. P~ poee of b~~ect1cn - The purpose of the inspection is to evaluate the

general condition of Sunset Lake Dam and bring to the attention of the

- 
owner those conditions which are a hazard to the public. The National

Inventory of Dams will be updated by the data accumulated during this

Inspection.

1.2 DENCRIPTION OF PROJECT

a. Da& L~,t1cn ci Dam end Appirtenances - Sunset Lake Dam consists of

- - an overflow structure located between two earth-flU embankment dams.
- 

The overflow structure consists of an existing stone gravity dam fronted 
—

by earth f111 and a newer concrete gravity overflow dam which was

construc ted to act as the main spiliway. The crest of the concrete

NAM E OF DAM: SUNSET LAK E DAM
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• ( gravity structure is nine inches lower than the crest of the stone

embankmen t structure. The embank ments on either side of the overflow

dams are approximately five feet higher in elevation at their crest than

the crest of the overflow dam. A low level 18” diameter pipe with

headwa ll and gate valve Is located in the east embankment.

• Sunset Lake varies in depth, but sound ings taken during our survey

indicate a maximum depth of ten feet, six inches upstream of the new

concrete splllway.

Sunset Lake extends 5,000 feet upstream of the dam axis. The banks of

the lake are low sloping and well vegetated.

A highway bridge and a railroad embankment exist Immediately down-

stream of Sunset Lake Dam. The highway bridge deck is located approx-

imately one foot below the normal lake elevation and the effective area

below the concrete beams and between abutments is approxim ately 390

square feet. The crest of the rail embankment is located approximately

twenty—three feet above normal lake elevation and the effective area of

• the culvert through the embankment Is 460 square feet. Immediately

downstream of the rai lroad embankmen t is a trailer park. The trailer

park at its closest location is located not more than fIfty feet from the

edge of the bank. A portion of the park Is lower then normal lake

elevation by as much as two feet but appears to be approxImately 15 feet
P above the downstream channel at this location.

NAME OF DAM: SUNSET LAKE DAM
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b. Location - Sunset Lake Dam Is located on a trIbutary known as Muddy

Run approxImately 9,000 feet upstream of Its confluence with the Chris-

tina River in New Castle County, Delaware. Sunset Lake Dam is also

approximately three miles upstream of Smalleys Pond and Dam.

e. Size C’~~~fleation - The maximum height of the dam is fifteen feet

(West Embankment). The maximum reservoir volume Is 553 acre-feet.

Therefore, the size category of the dam Is “Small”, I.e., the height Is less

than forty feet and the storage volume is less than 1,000 acre-feet.

d. Hazard Cl.ndflcatlcn - Immediately downstrea m of Sunset Lake Dam

exists a low-lying two-lane state roadway (Route 72) leading to the city

of Christiana. In our judgment, failure of the dam would result in the
- - possible lose of a few lives. Therefore, Sunset Lake Dam is considered a

Significant Hazard Dam.

• a. Own~ ddp - Newark Anglers Association

P.O. Box 54

Newark, Del. 19711

f. Purpo.. oI Daa - The purpose of the dam ls to lmpound water for

• recreational purposes. The prime activi ty In the lake Is fishing.

— f } NAME OF DAM: SUNSET LAKE DAM -
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1.3 PERTINENT DATA

a. Dr~in~~e Area - 8.2 square miles.

b. Dischar ge At Dainsite - Maximum known flood at damsite is unknown.

Warm water outle t at pool elevation: None

DIversion tunnel low pool outlet at pool
elevation: N/A

Low-level outlet at normal pool elevation: 23 cfs

Diversion tunnel outle t at pool elevation: N/A -
•

Gated splUway capacity at pool elevation: N/A

Gated spiliway capaci ty at maximum pool
elevation: N/A

Ungated spillway capaci ty at maximum
pool elevation: 4000 cfs

Total splllway capacity at maximum
pool elevation: 4000 cfs

Total splflway capacity at top of dam: 2110 cfs

a. Elevation (feet above Mean Sea Level (M.S.L )) -

Top Dam: 39.9 ft. M.S.L. Minimum

Maximum pool-design -

surcharge: 416 ft. M.S.L.

Full flood control pool: N/A

Normal Pooh 36 ft. M.S.L. +

~~illway Crest: 36.0 & 36.75

F I Upstream portal Invert diversion
tunnel : N/A

Downstream portal invert diversion
tunn el: N/A

( •_

)

NAME OF DAM: SUNSET LAKE DAM
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Streambe d at centerline of dam: 25.9 ft. M.S.L.

Maximum tailwater: Tailwater at high stream• discharge probably will
- be controlled by a culvert

under Rt. 72 and the
- bridge through the rail-

- road embankment

d. ReservoIr (feet) -

• Length of Maximum Pool - 8500 feet

- Length of Normal Pool 5000 feet

Length of Flood Control Pool - N/A

• a. Storage (acre-feet) -

Normal Pool-147

Flood Control Pool - N/A

Top of Dam - 400

• ( Maximum Pool-590

f. ReservoIr ~ rfaoe (acres ) -

Normal Pool - 44

• Topot Dam - 89

Flood Control Pool - N/A

• 
• Maximum Pool - 115

Recreational Pool - N/A

• ~~~~~~~~~
Type - Earth-fill embankmenta and concrete/stone overflow (spiliway)

• Length - 375 feet of earth-fill, 110 of concrete /stone overflow (apiliway)

Height - Existing embankment & earth fill - 15+
- 

$ Concrete/Stone overflo w - 10.5

(- -
~• NAME OP DAM : SUNSET LAKE DAM
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Top Width - Earth-fill = 5’+ at western side
40+ at eastern side, varies considerably
New Concrete overflow - 2.3’
Old Stone Overflow - 4.0’

Side Slopes Western End (Earth-fill) - Approx. 1.7 to 1 upstream and
• downstream; below normal pool 3.3 to 1

Eastern End - Approximately 2.2 to 1 downstream , averages 8.1
upstream; below normal pool 3.3 to 1

Impervious Core: Unknown
Cutoff: Unknown
Grout Curtain: Unknown

Type - Overflow dam
Length of Weir - 87 feet interrupted by 23 foot retaining wall

Crest Elevation - Stepped overflow, varies between 35.86 feet and 36.85
feet M.S.L.

Gates - None

( ) Upstrea m Channel - Lake

Downstream Channel - Open channel with few sloping vegetated banks - 
-

I. Regu1atii~ ~~iUets - A low-level, gated , 18” diameter diameter rein-

forced concrete pIpe , 50+ In length , extending through the east embank-

ment. Valve is zibmerged. Stem extends to embankment.

J . De~ge & Ccsefrue tlcn - The present spiliway structure consists of an

old 34-foot long flat crested weir spillway and a recently constructed 53-

• foot gravity retaining structure with a spiliway separated by a 23-foot

long concrete retaining wall. It could not be determined when the

original splllway structure was built , but It Is apparent that the original

structure was Inadequate so a zibsequent structure was built to increase

the normal spiflway cipacity.
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No ~‘awings or design data were available , however , from conversations —
- 

with members of the Newark Anglers Association , design work may have

been performed by local college profe ssors within the last 15 years.

o

I,
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- SECTION 2- ENGINEERING DATA

Engineering data in the form of computations or drawings are unavailable.

Specific items required to determine the safety of the dam are listed in paragraph

7.1.b.

- i

L
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SECTION 3- VISUAL INSPECTION

3.1 FINDINGS

a. General - Sunset Lake Dam was found to be in fair overall condition at

the time of inspection with the exception of the stone/earthfi ll overflow

dam. This old overflo w structure does not appear adequate to sustain a
• significant amount of overflow nor the turbulence which would develop

from large volume overflow.

b. Dam

Earthflfl - No visible signs of movement either vertically or horizontally

were evident. Some erosion of the downstream embankment was no-

ticeable adjacent to the east wingwall of the concrete overflo w dam.

Substantial excavation along the downstream toe of the west embank-

ment has been made to construct the embankment.

Overflow Dasi - Erosion of the embankmen t supporting the old stone

dam structure was evident. However, the crest (spillway portion) of the

• structure appeared to be In tact.

The splash apron below the crest showed significant damage. In general

the mortar, bonding the rock apron, was highly deteriorated. Many rocks

were loose and of questionable structural value. A portion of the apron

• was broken off altogether. No toewalk to the apron area appears to have

been constructed.

U)
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The concrete gravity dam appears to have been repaired and/or altered

In the past. Prom the grout patchwork prevalent along the downstre am

face, the height of the structure may have been Increased In excess of

one foot. The date of “1966” Is inscribed in the patchwork. Four (4)

concrete “piers” approximately 1.67 to 2.0 feet In wIdth, 4 inches in

depth , randomly placed along the downstream face of the spiilway,

extend the full height.of the spiliway structure.

At the time of this wilting no structural significance could be attributed

to these “pIers ”. At the junction of the spillway with the east wlngwalL

massive triangular piers have been placed each side of the wingwall with

the apparent purpose of add ing stab ility. Substantial deterioration was

( noted at the downstream edge of the wingwall (sandwiched between the

triangular concrete piers) which may have prompted construction of

these triangular piers. Steel reinforcing was not visible within the

deteriorated concrete. It appears that both wingwalls have been

increased in height by about one foot.

Low Level Outlet - An outlet structure, consisting of an 18” diameter

• gate equipped with a manually operated valve, exists within the eastern

embankment. Inasmuch as the gate was submerged at the time of

inspection, the condition of the gate could not be determined. It was

I
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U noted that the extension shalt was bent and the support frame was in

poor condition. The control valve, although operable , requires a lever to

turn it. Some slight leakage was observed at the discharge pipe

(approxImately 10 gpm). Such flow would have no detrimental effect.

a. Appurtenant Structures - Ther e are no appurtenant structures associa-

ted wlth this dam.
I

• d. Reservoir Ares - Only the downstream portion of the reservoir was

accessible. AU other portions of the reservoi r would require access by

boat or passage through private property. However , it appeared from the

downstream location that sloughing of the heavily vegetated flat bank

along the reservoir was not occurring. The amount of silt accumu lation

was not deter mined, but judging from the turbidi ty, substantial siltation

could be expected.

a. Dounatream Qismiel - The spiliway overflo ws onto a twelve-foot wide

rock apron which Is flank ed by the wingwalls extending from the dam

splllway. The downstream channel, Immediately below the dam spiliway,

meanders through low mildly-sloping banks with well vegetated deciduous

growth. This 30 ft. + wide channel travels about 350 ft. before reaching

the highway bridge at Route 72. The highway bridge has a hydraulic

I
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I opening approximately ten (10) feet by thirty -nIne (39) feet. Just below

I this bridge Is a 35 foot high railroad embankment with a 28.5 by 18 foot
I arched opening. Below the railroad embankment, owned by Penn

Central, the stream channel narrows to about fIfteen feet and meanders
• past Timberlane Mobile Home Park. Ther e appears to be at least one

- hundred dwellings within the park. At least ten of these dwellings may

have been built on fill within the floodway. However , at thIs location,

the floodway is at least 200 feet in width and may be as wide as 400 feet.
t

f. Evaluation —

1. ~~illway - The stability of the concr ete overflow structure and the
• - stone/earth-fill overflow structure will be discussed in SectIon 7.

However, the focus of attention Is on the stone wall supporting the

earth-fill of the overflow structure, since the structural integrity

of the wall is in question.

2. Embei*ment - No visible signs of seepage or instability were noted

during inspection. Based on our visual inspection and past perfor-

mance of the embankment, an evaluation Is made in Section 7.

3. Low Level Outlet - The signifIcance of the 18” gated outfall Is

discussed In Section 7.
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Ip SEC’flON 4- OPERAflONAL PROCEDURE

4.1 PROCEDUR~~
Sunset Lake Dam Is operated by the owner’s full-time “caretaker”, who also

maintains the club houses and boats. The lake level Is to some extent eon-

trolled using the 18” diameter low level gated outlet pipe located in the east

embankment. When significant rainfall is anticipated , the outlet gate is

opened. The available increase in storage is questionable.

4.2 MAINTENANCE OP DAM

It appears that modifications to the dam have been implemented in the past,

but no formal or systematic maintenance program exists at the present time.

I
_ 

-

4.3 MAINTENANCE OP OPERAI~NO PACUZl1~~
The wheel and shaft valve regulating the discharge through the 18-inch eon-

.1 crete pipe is repaired when vandals damage it (according to the owner ). Thus,

maintenance is on an “as needed” basis.

4.4 D~~CRIPIION OP A WARNING SY~~~~~ IN EPPECT

There Is no warning system in effect.

4.3 EVALUA1~ON

1. The need for implementation of annual Inspections will be discussed In

SectIon 7.

0
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U 2. The need for keeping records of construction improvements will be

discussed in Section 7.

3. The need for Implementa tion of a warning system will be discussed In

SectIon 7.

‘~4 -
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SECflON S - EVALUAflON OP HYDROLOGIC AND HYDRAULiC FEATUR~~

5.1 EVALUATI ON OP FEATUREN

a. Da~ gii Data - No design data were available for either the hydrology of

the watershed or the capacity of the spiilway. For hydrologi c evaluation ,

watershed parameters measured from USGS 7.5 minute quadrangles were

used with Snyder coefficients and loss rates specified by the COE to

compute peak inflows to the reservoir. The HEC- 1 DB computer

program was used to compute the inflow hydrograph and perform the

flood routing through the lake.

The dimensions of the dam and the spillway were obtained from a field

survey. Spiliway capacity was calculated from this survey information

( by standard engineering methods. The relevant data for the highway

culvert and the railroad bridge downstream were also measured since

these represen t restrictions to flow which would control the tailwater at

the dam for high flood flows.

Based on the size and hazard poten t ial classification for this dam the

recommended spiliway design flood is 100 year - 3 PMF. For evaluating

the adequacy of the spillway the 100-year flood was used as the SDF.

~~~

No measurements of outflows from the dam or flows within the water-

shed of the dam are available. There is a streamfiow gaging station .9

miles from the dam on the Christina RIver , 2.6 miles above Muddy Run.
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If —• This gaging station Is USGS Sta tion Number 01478000 - Christ ina River
~ t-~

)
at Coochs Bridge, Delaware. Based on 34 years of record the maximum

recorded discharge was 3320 cfs for a 20.5 mi2 watershed.

e. Ovestopph~ Poteitlal - From the HEC- 1 DB program the peak SDF (100-

year) Inflow 4254 efs. The water level In the reservoir would have to
• reach elevation 41.5 wIth a peak outflow of 3741 cfs to pass the Spiliway

Design Flood. This would overt op the low point of the dam embankment

by 1.8 feet. The spiliway capacity at the top of dam elevation (39.9) Is

2110 eta, which Is equal to 56% of the SDF peak outflow. A rating curve

for the spiliway and a graph summarizing peak inflows and outflows Is

included in Appendix D.

- From approximate calculations the downstream railroad embank ment

acts as a control section. In order to pass the SDF through the railroad

culvert the water level behind the embankm ent would reach elevation
• 

37.3. However , this will not appreciably reduce spillway capacity. At

this flow the highway would be overtopped by approximately 2* feet.

d. ~~~.g~~ey Drawdown - The lake can be drawn down by an 18-inch RCP

low level outlet controlled by a gate valve. The maximum flow through

this outlet is about 23 cIa with the reservoir at elevatI on 36. Flows of

this magnitude would not be significant during peak inflows. With no
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inflo w it would take more than 96 hours to drain the reservoir. The

current practice Is to open the gate valve dui 1ng rainstorms to prevent

the older stone spiliway from being overtopped.

1
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I SECIION 6- STRUCTURAL STABILITY

6.1 EVALUA1~ON OF STRUCTURAL STABILI tY

a. Visual OIi~~ ~.it1~a. - Except for that portion of the overflow dam eon-

sisting of a mortared stone gravity wall fronted by earth fill, no signif-

icant structural Inadequacies were noted during the Inspection of the

dam. As noted during our inspection , the mortar bonding the rock to-

gether has deteriorated. The splash apron below the gravity wail is

seriously deteriorated. The fill in fron t of the rock gravity wall exhibits
• signs of erosion. No seepage below or around the spillways was

observed. It does not appear that deterioration of the wingwa lls poses a

structural threat at this time , but it must be repaired to prevent further

deterioration.

b. Deign ~~d Construction Data - Stability calculations for the dam do not

exist.

Insufficien t engineering data is available to make an accurate indepen-

dent assessment of the earth4lli embankment and overflow dam.

Neither accurate engineering drawings nor computations are available.

Predicated upon our field survey information , a preliminar y structural

assessment of the concrete overflow dam Indicates that a safety factor

greater than 1.5 exIsts with respect to overturn ing and sliding. Cal-

culatlons wer e based on survey dimensions and assumed soil parameters.

Also, hydraulic loading was taken at water surface elevation 41.6.
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Structural computations for the rock gravity structure were not

performed since actual dimensions of the structure wer e not obtainable.

Further deterioration of the downstr eam apron could promote a toe

failure in the structure.

e. Operath~ Records - Operating records have not been kept for Sunset

Lake Dam.

d. Post—Cos~ truetion Chs,~ es - Modifications to the embankment and spill-

way are evident. The owner stated that the crest height of the west

embankmen t had been raised in recent years. It was also noted tha t the

west wingwa ll height had been increased to adjust for the change in

adjacen t embankment height. We believe that the height of the

• ( _..~ concrete spiliway has been increased as well.

e. Se~ mic Stability - Sunset Lake Dam is located in Zone 1 on the Seismic

Zone Map of the United States. Experience has shown that stru ctures

having adequate stability under static loading condit ions will also have

adequate stability under seismic activity. Thus, as previously noted , 
-

only that portion of the dam consisting of stone/earth fill overflow is not

considered stable under seismic loading.

‘ I

1 ’)
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L SEC’IION 7- AS8~~~MENT/RECOMMENDATIONS,
PROPOSED REMEDIAL MEASUR~~

7.1 DAM AS8~~~~ ENT 
-

a. Safety - The dam has been inspected visua lly, in accor dance with pro-

cedures by the Corps of Engineers for a Phase I Report. Since no en-

gineering data was available for review, our assessment is subject to

those limitations inheren t in a visual inspection.

That portion of the over flow structur e consisting of a stone wall fronted

by earth-fill is considered structurally inadequate. Significant deterio ra-

t ion of the mortar , bonding the stone togeth er, was noted during

inspection. Witho ut this mortar , the ston e is held together by friction

and this is of small structural value in a retaining wall. The mort ar

bonding the stone splashway togethe r is also deteriorating. The stones

are loose and infrequent , subsequen tly, erosion is occurring at the base of

the wall and throughout the splash way . The erosion at the base of the

wall contributes to the under mining of the wall foundation and reduces

stability safety factors.

No seepage or slope failures were noted during inspection that would

indicate potential piping or embankm ent failures. According to the

owner, no seepage or slope failureihave occurred in the past.

No cracldng or movemen t of the concrete portion of the overflo w

structure was noted during Inspection that would indicate potential

0
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, overturning or sliding failures. Calculations based on assumed soil

parameters and survey data obtained during inspection indicate safety

factors for overturning and sliding greater than 1.5. • 
-

The spiliway has a hydraulic capacity equal to 56% of the peak SDF
• outflow. The low point (see profile) of the earthen embankment will be

overtopped by 1.6 feet during the SDF.

Warning System - Although there is no warning s~’stem in effect, the

need for a system is not considered necessary since the only homes are

downstream of the railroad embankment.

An annual Inspection program Is needed so as to enable the owner to

notice variations In appearance of specific portions of the dam. it Is

recommended that the owner use forms similar to the federal visual 
•

Inspection forms included In this report.
I

Accurate construction records should be kept of any modifications or

alterations to the dam. This information ii needed so as to enable

accurate analysis In the future.

b. Ad.quaey ~~ ~ fcr st1o. - Additional informa tion Is needed to complete

ana ~ i~~ment of the safety of the dam.

To assess the safety of the stone/earth-fill overflow structure, the 
-

following data Is needed
( H
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1. EngIneering parameters of the soils behind and below the

- stone/earth-fill overflow structure.

- 2. StudIes to determine the exact extent of mortar deterioration in

the stone well.

3. Studies to determine the strength of existing mortar and stone.

4. Test pits to determine the geometry of the stone wall and

foundation type.

C.

• Additional stone armor should be placed on the splashpad fronting

the stone wall over flow structure immediately .

• Engineering and subsurface Investigations to determine the struc-

- 
- tural stabili ty of the deteriorated stone wall overflow struc ture

should be initiated very soon.

• A further study should be initia ted very soon to study the

feasibility of increas ing the hydrauli c capaci ty of the spillway.
N This study should be completed and any recommended construction

should begin soon.

- The 18-Inch diameter low level outlet should be restored to full

operational use soon, I.e., the valve should be able to be opened or

elo.ed wlthout use ofalever deviee.

d. lI.ee Ity far Addith sisl DstaIEveb.a tlon

- - 
As demonstrated In Section T.1 - a. and b., additIonal data and evaluation
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7.2 REMEDIAL MEASUR~~
a. Alternatives - The following remedial action is recommended:

As part of the further study recommended in SectIon 7.1 above,

regarding increasing the spillway capacity, the following alternatives or

combination of alternatives should be considered:

1. Increasing the size of the existing splilway.

2. Raising the elevation of the top of the dam.

3. ArmorIng low points of the earthen embankment to protect against

• 
breach during periods of overt opping.

b. 0 & M Maintenance Proee~~ es - An annual inspection visit should be
• 

- initiated using a visual check list similar to the one enclosed in this
U report.

AU drawings and computations relating to repair , renovation and main-

• tenance of the dam should be kept as a matter of record. All visits to

* the dam for operation and maintenance should be logged in as a matter

of record.
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PHOTOS TAKEN DURING OCTOBER, 1978
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DET~ILRfl PHOTOGRAPH DHSCRIPIIONS

(_ 5~

- Overall •View of Dam - View of downstream face of Concrete Overflow Structure,• October 26, 1978

PHOTO 1 - View of overflow structure and adjoining embankments.

PHOTO 2 - View overlooking west wing wall of concrete overflow structure and
intersecting west embankment. Debris on the crest of structure and
erosion of the embankment are notable on the photograph.

PHOTO 3 - View locking toward west wing wall. A horizontal surface crack Is
notable where the wali height may have been increased .

PHOTO 4 -, View of apalled concrete at downstream end of west wing wall. Hor-
izontal crack notable where two separate pours (layers) of concrete
have not been join ed correctly. Crack not apparen t on strea m face
of wall.

PHOTO 5 - View overlook ing east wing wall of concrete overflo w structure.
Layers of concrete notable to apparently raise height of wall.
Debris on structure also notable.

PHOTO 6 - End view of east wing wall of concrete overflo w structure. Dark
grey mass of concrete apparently added to reinforce overflow struc-
tur e on east end. Erosion at end of wail notable as well as frees and
debrls on walL

PHOTO 7 - View of downstream face of stone/earth -fill overflow structure.
Deterioration of splashway stone is notable , also grassed area
fronting wall.

4 
PHOTO 8 - View looking downstream from railroad embankment toward trailer

Park.

PHOTO 9 - Muddy Run looking downstream from Sunset Lake Dam.

PHOTO 10 - Route 72 highway bridge looking downst ream. -

PHOTO 11 - Detail of stone ~plaahway of stone overflo w dam.

PHOTO 12 - View of water overflowing concrete dam.
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CH ECK LIST S

HYDROLOGIC AND HYDRAULIC DATA
ENGINEERING DATA

8.2 square miles - Part in Coastal
DRAINAG E AREA CHARACTER ISTICS: Plain, Part in Piedmont Region

ELEVATION TOP NORMAL POOL (STO RAGE CAPACITY): 36.0 ft. (MSL ) U47 Ac.Ft. )

ELEVATIO N TOP FLOOD CONTROL POOL (STORAG E CAPACITY ): N/A

EL EVATION MAXIMUM DESIG N POOL: 41.5 ft. (MSL ) (554 Acre Ft. )

ELEVATION TOP DAM: 39.9 ft. (MSL ) Minimum

CREST:

a. Elevation 36.0 ft. + at Concrete Overflow and 36.75 ft. at stone/earth—fill
b. Type Concrete Gravit y & Stone/Earth-fill Overflow
c. Width Concrete: 2.3 ft. , Stone: 4.0 ft.
d. Length 110 ft. (overa ll)
e. Location Spiliover Most frequent at Concrete Overflow
f. Number and Type ofGates N/A

OUTLET WORKS: 
___________________________________________

a. Type 18” Diameter concrete pipe with gate valve
b. Location East end of embankment
e. Entrance inverts -
d. Exit Inverts 27.88 ft. (MSL)
e. Emergency ~ aindown facili ties Gate valve Is operable

HYDROMETEOROLOGICAL GAG ES: None

a. Type___________________
b. Location 

____________________________________________________

• c. Recorda 
____________________________________________________

MAXIMUM NON-DAMAGING DISCHARG E~ Unknown

~~~ ~~~~ ~~~~~~~~~~ 
5

- ‘ 
-
~

-55 

- 

I 

I
_____ - - ~ ~~~- ~~~~~~~~~~~~~~



_ _  _ _  - __ _ _ _ _

4~

APPENDIX D

HYDROLOGIC COMPUTA I~ONS

I

- 1

I I

S 
_______

— 

~~ ~~~~~~ ~~~~~~~~~~ 

‘



‘.5—— 
_

— —-5—. —‘-5 
-5--- .5- - 

~~T 5 ’ 5- 5’ ‘-•-
~~~

- j— -‘- 5- 
-5,

- -.5-—,’
~~ — _ -_ - -   --5 - - -.5---- -

-

I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~;~~~~~~~~~~~~~~~~~~~~~~ \~~ 
•

-
~~1 ’

-

~~~
.

_ _
•/ - 

S

S 

. ~~~~~~~~~~~~~~ :~.-~~ T
~ - ~ 

‘
~~t~

.’ 
~ ~~~~~~~~~~~ 

1. - 
-

- ~~~~. -~~~~~ 1% ~~. ‘1  ~ - ~~~~~~~~~~~ ~~~ I - -

-. AJf ~~~~~~~~~~~~~~~ is!J-3~ ~~~~~~~~~~~~~~~~ 
S

17 t’Y - i- ~~~~ ~.

~
j  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A ~~~~~~~~ !%J-
’
L -

~~~~~~~~~ ~~~~ &~~~ ~.

~~~~~~~~~~~~~~~~~~~~~
5 5• i~~~ 

-
~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ JF~~4~~~! ~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
/ r ~~~~~~~~~~~~ ii~~

4
\-~

-Q
~~~’ 

~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~
-h/ 

~~~~~~~~~~~~~~~~rT~- I 
-

~~~~ ~~~~~~~~~~~~~~~~~~ 
-
~~~~~~~~

‘ 
,

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ 

- . -T

5
- • ~~~~~~~~~ 

~~ ~~~~~ r 
~ -~! ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 

- 
~~~~ - -- 

~ ~‘ X  ~~~~~~~~~~~ 5 r. ( . .  ~~~~~~~~~~~~/ S.. ‘t~~ - -
S. ~~~~~~ ~~~

j -
~~~ - -‘ / ‘I- U

(p . - 1-
~ ~~~~ 7 J~~~/ . --~ -~ IcS~~D e~ ~~~~~~~~~~~~~~~~~~ -N 1~ 

--
~~~~~~ - I -

- ‘-~~~~~~ -‘~~~ ~ ‘~.Z\ “s ~~~~ ~~~~~~~ 
- - i I - 

S 
- - - - 

- a

~~~~~~~~~~~~~~~ ~~~~~ 
S c

~~~~
S

: :  
- 

-

• _,~_J~ 
- _ ~~~ C ~- -1 - - - - - :~- S S 

: -  . 
- -

5~ -. 
a - 

- - 
- .5. - 

.5 — -

~ D I  ? t C ’f  N o n
.

—
ISS ‘ - 55 + %‘

- 5 5 
,~~~~

- 

b
. . r s t~ —- 

- -

I - . .5
- 

..‘ .—\ ~ ,; :. . /

5 ._ f - 
.

-

~~~ 

- -
- 5

A 
~~ — + — ~~~~~~~~~~~~~~~~~

~ ATD$HED MAP

SUNSET LAKE DAM

— ‘5—-— - - - —  

- S — ~~ 
- - 

_
S 5 5- 

— 
IS

S
., -

~~ ~~~~~ 
-.. __~~ %• S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

S — I

- 
: ~~~~~~ 

- 

- 
-



5-

~~~~~~~~~~~~~~~~~ — _ _ _ _ _ _ _  ~~

TINAS TILER POOlE ISSOCIA!&IIIC. 
_ _ _ _ _ _ _ _ _

PROP $ICNAI. .NSINIUS AND LAND YONS

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
5-5-

~~~~~~~
” -

t~~ ’~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—~~~.L - - -

~~ - __
~~ 

_
~~~
. ~~~~ 5 - 

______ - --

~~~ 
_ 

— ~~~~~~ - -

— - -
~ 

t - -- i-~~
- - --5--t --H---m-~’-- 1 - ---T - --’~

- -- - -~~~~~— r ~~~~~~-~-- ’- —- -
~ 

- -

--

~ 

~
- 1--

~
- - - -  

~
--

~ 
- - -

- -  : - - - ------ -4.-- -~~-± -  - - -~~-- -t- - - - - - - - -• -- - - _ - -
~~~~

--- - 5 - -

H I - 

~~~~~~ 
H —

5- - -- - --- - - — —

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- v - - - - --

11 -

~~~~~~~~~~ E~EE~11~~~ ISIFKT UI- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- 5-- --- - -~ —a L~~~~~~~ T11 I~_ 5 -  

_ _ 4
~J

- - H - - 
~

-- 

~~ ~

——- 

~
---

~~~~~~~
--

~~~
-- 

~~~~ 
— _ _ _

- - r - 
- - — , I - f 5 ‘ ç~J 

•
~~ 

— -—- H -
~

- - -
~

- -
~

-
~ ~~~~~~~~~

—— 

~~~~~~~

- -i--
-

1-- -~ -~ 

~~~ 
-î - I ~~~~~~~~~~~ .- .  F—

~ - -  - --

- • - 
_ _ _  -— - -

_____- - - -

~~~~~~~

• —

~I T ~~L~L~~T 

_ _

* _

_

_

_ _  

-

(
__ 

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 1ITIT~~~~~~~~ I1L
_ _ _ _ _ _ _ _ _

4 4

_  
_ _ _  

_ _ _ _ _ _ _ _  _ _  

‘S
- , 

- -
- 

-
~ I

‘ ~~~~~~~~~ —a.-’ .5
-
~~~ j~~~

D
~~ : ~~~~~~~~~~~~~ .5. ~~~~~~ -~~~~-a~ .

— .  - --~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ -5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ . _____



F -~~~~~~~~~~~~~~~~~~~ ‘ - - - — - ~~- -------~---- --- _ _ _ _ _ _ _ _ _ _

TUOUS TILER MOORE MSOCIA~9~,IIIC.
PR0~ $S5IONAL INSINURS AND LAND

-

I , I I t I - - —

~~~~~~~~~~~~~~~~~~~~~~~ 
t _ _ ’ .-. -.

-‘- r— - — 
1q 

- I

— 

, 
—:

~~ t~
— -

~ 
i— - - r -

~~~--r
- 

~
— S 

~~~~~~~ 
~
.- . -~- 5 S~~~~ -‘ ~ S 

-
.

-j  ~~~~~~~~~~~~~ ,

~~
5
~~~~~~~~

_
~~~~~

5 T _
~~~

_ 5-_ 1 t 1 S - — S . .

~~~~~ .- 

~ ~~~
—-

~~~~
-

~~ 
. . - L - f~~45- .-- . j  ~~~~~~

I 

_  

_  _

~~~~~~ ~~~~~~~~~ -.-1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~

_ _ _ _ T
~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- -S.-

- 
.Ii  ~~~~~~~~~~~~~~~~~ I I ~~I lIT ‘ I 

- -

-i - -

- i.:t :: 
_ _ _  _ _ _  

-

~~
• :~ ~~r: _ _ _  

-

~~~ 

] 5 - —  
-

I 

1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~LTiLilI I~~% CUtVIJ~ L ~~~~~~~~~~~~~~~~~~ 1[k1GL I

iT~~~

1 ‘
~~

I 11lI1 1 1TTlISlI
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . -~ -.- 

— — I i —I 1 - 5 - -
_ _  _ _ _ _ _ _ _ _

- I I —

—~~ -~ 

~ I 5- -— - -

~~~~~~

— — — -  - —  —.-—- — .l. ... ~~~~ _..-- -—~ — -  -
-~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -t——--— --—— - --—---5
~
-- --- —-- --—— --— -

~~
—--— - --- - - — - - — - - - - - - — -— - ----

~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~. - - - -  -

‘T 
______ 

CaIc.Ia$ass ~~~:4 _ _ _  DsIs 1~ 1~. ~ 1V~~~~ - 
- _ _ _

______ ___________________________________  Of ______

—-5- _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - -_ —

- ;~ ..,~S
: 

- ‘.~ I
- J  4 * 

- - p s .5 -

_ _ _  — -.5 __________ 
_ _ _ _ _ _ _ _  

5-— - 5 - 5 -- .5 - - .5-.5— 5-
~~~~~ —~-_~-J- ~~~~~~ -.-- ~~~~~ A~~~~~~I .  - — .5



-—- 5 - —  - - - - - -. 5- - - - -  -- - - - - - . 5 -~~~ —-——5----~~--~~~~~~ --5- -5—-— 

TROllS TILER MOORE MSOCIATES, INC.
PNOPISSICNA*. SNSSNUNS AND LAND SURQSYD~ S 

__________

:1 Tf~?I~4%!l I~~~ ILk~~ .-T ~~~~~~~~~ t ev.~
_ _ _  _ _ _ _

I
_ 

tCA~qU~~~~ TCAKilli ~L~ ~~t - 4 — ______________ ____ _______ 
I I 4— —

F ~~~~~~~~~~~~~~~~~~~~~~~~~ J lITT ~~~ IIlI i’
~~~-r rr~~r~ r1- •

~~~~~~ - - 
1—

~ w7I
~~ ~~~~~~~~~~~~~~ 

.±. ~~~414 if IL ~~~~~~~~ .J— --- -i--- - -. 
-

iffIQ~ltiI l~i1I~II1l4~~ I ilt~ t 1P~~~~~
II TlIt~VIII~I ~~~~~~~~

- __ I - 

~~~~~~~ 
--~~~~~~~~ ‘~~~- -

_ _ _ _ _ _
I
- - :  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -W-d - . --

-

~~~ 

- S -

V14~ ~ 
1I1O~~~~ i~IJi2~~~~ ~ 

- i iJw Ii -

TC%~~~~~~ 
lIi

~~~~~~~~~~~~~

ti5-I lIT41~~~JII III 14V ~~ -

iQ4~~~~~: : 1~~~~IljTi
4

~~~~~~~~~~IlII QiI~~~~~~~i~~~~~~~~

TJ~11TlI ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ lI~~~~~~~~~~~~~~~~

.E1! 11 ~1Ii~~1 II I tT~~~~ITI II I~O~III. 1
IPJ, 1~~~J :2t 1ig~_ I  ~~4WIJ_ 44b

- 

1•~~ 
I lI74U 4(~

I - 2~~~~I~~~ - 

-- — - 5
~Ø:’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~

_ _  -~ 
~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~ —i_~ iTIT~
Oc) lIlI ~~~~~~~~~~~~~~~~~~~~

~~VJIJi I~~~~~~III T TT1 lI ~~ 1~~~

1 1 1  K7JTT W~4~’iI ~TIf4Z~TlI

21E JI!!~TEEi .-
~‘J1~
,I 

_ _
——

~~~~~~~~~~~~~~~~~~ 
I ~~

--

~~ 
t — - ~~~~

— - -t  -~~~ 
- -  - - -— -

~~~~~~~~~~~~
-
~~~~~~~~

—
~~~~~~

- - -

C - -  ~~~~~~ J TIIlIIT III -

_ __ _.5_~~~ * -

.5 - - . - _a~~~~k .—.- _
I — - - -~~~~~ . - --~~~~ - ~~~~~~~~~~ --- . -- ~. -

1 

_ _ _  _  
_ _ _ _ _  

1’

i~~~~iJ .

I .—_ 
~~~~~~~~~~~~~~~~~ 

—.5—- — .5— ~ 

vi
1 f

~i~’ 
— j



r—- --- -—-- —.5-- —
~~~~ 

.5- 5-TT~ ~~~~~~~~~ 

5-

~~~

5-5--5

~~~~~ ~~~~~~~~~~~~~~~~~~ 

— — --5- .5—

S 

ThOMAS TYLER MOORE RSSOCIATES, iNC. ~ -

~N0~(SSIONAL INSINI I*$ AND LAND SU IYO~~S

~~~~ 

_ _  

I I

S 

~~~j  _
~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~

-- -

~~~

-

~~~~~~~~

- - - 
-

c:g ~~~~~~~~~~~~ —4--. - —  - -
~~~~- -5—— —1-— —

~~
-- --- -— - .5— - -----5 —I-- —I — - - - -  —- ~~~~~ -5

‘~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -  -- ~-- .-4-- --/-- -~ -- -~-+-~-r -

ai.. - -~ - - - - ~i -  -+- --t-- ---I-- -—~- - -  - --
~
--
~~~~~~~~~

- - — - - _ 1 ~~~~~~~~~~~~~~~

~~~~± iIII~~~It ±i±±lt l lil lI ,~i± tIIhI.

~~~~ ~~~~~~~~ L i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
_

~~~~~~~~~~~~~~~

1 

~

- ~ - - - ---i --- - ~_ __ /E _ 
- ~~~~ - - 

si-i 
-
5 - - /

F~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~

• ~ ~~i.L :~ iIf i . 1 :  ~~~~~
. 

~~~ 

-

-

~~~~~~~~~~~~~~~

4 t~ _~~~~:TTG j  If21~~flQ 1D2 -

~ ~~~~~~~~~~~~~~~~~~~~ TTTTI
‘-- ‘ t~ III T IlIlIL T III

-- -—-~~~~~--~-- — -t--~~--- ---*-----—-’ -.5 ,-- - - . - - - - - -  - - - . 5  -_ 
- -  - - 

CeIcvIotloes~~~r: 
- 

1 44 ___ 
_ _ _  

I IMSI _ _ _

_ _ _ _ _ _   

I~~~. tf~i~~~~ I Of _ _ _

- n~s. — -.‘ ‘S

5- -. 1.. ~. 
.5—

. ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~ -

- ~~~~~~~~~~~~ - - ~~~~~~~~
——-

~~~~~~~~ -— -
~~~~~~~~ - — — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -



r --—-
~~~~~~~~~

-- 5- 
~
- 5 5 -

~~~~~~~~~
5-—

~~~ 
_ _

p

THOMAS TILER MOORE ASSOCIATES, IIIC.
PNOPISSIONAL. ENS NUNS AND lAND SUR~ EYONS

a

- - -

~~~~~~~~~~~~~~~ ~~~~ H - -- 
-

4 -4 - - -  -
- . 5 - 5  -~~

H- 
~ ~+~~~~4 L_t.

~~ LH 1~~~ ~~~~~~~~~~~~~~~~~~~~~
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~~~ ~~~~

--

~~~~~~~~~ 

-

~~~~~~~~~~~~~~

-

- -5;—- 
5 1

~~~4 1 r ~~~ ~~+- —- f --— -f-—- --~~~~
_- 1  ~~~~~~~~~~~~~~~~~~~~~~~~ 

---_ ---.---_
~
_

~~~~
_

~
.. ~~ - .  —L . - -

~~~~~~~~ ~ - - ~~- - 4~~- 1~~~~~ ~~

1L~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _  _ _ _ _ _

~T~~~~~r1: .15 .~~ ~~~~~~~~~ ~~~ 
~~~~~~~~~~~~~~~~ 

~~~~~~~ 
.~

1.~;-j— ‘r’ 
- 

-

. 5 i I l 1 4 ~~~~~~~~~~~~~~~~~ .~ 

~~~~~~~
1N

~~~~~~~~~~~~~~~~~~~~

:

_ _ _ _ _ _ _ _ _ _  _ _ _
±

_ _

~~~~~~~~~~~~~~~~~~~~~~~~ 

- --

- - - . 5 --- -  •—Th-~~~--
--

~
-— — 

~~~~~~~~~~~~~~~~~ 

L - - —~~~~~~~~~—-___ — - -

H ~~~- -~~~- I - ~~~~ ~ --

~~~~~~ ~~~ - t ~~~~ ~~~~~~~~~~ i .5 - -

— - - I I I
__ __ --

- T • r—.-_-.t------ - --_--f --_t
~i

-L-i~~~~~ 
—tS-- - - ---—- —-----

~ 

—---- - — -—-- - - —- • -

_ _ _  — - - - - - ~ - .  - .

-
- i -S ~~~~~~ ~~~~~~~~~ -~4-_ L _ f - 5 .5 -5 -5 -5_5--5.5 4—

-
- -  —-5±- - - -  5 -

I rc~ ~~~~~~~~~ L43~Y~~~~W J~~~~~~~ W % ~~A~~ k ~~ ]o
~-A 

T r ~~~iio~vfr~c ! -~ 1 
—

- .T~~HflT I ~~~~~~~~~~~~~~
_ _ _  _ _ _  - -

- 
P 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

_ _ _  V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 

~~~LIT~~~~~~~~~~~ 1IIT1TIT IIITT -- --

- 
__~~~_ _ _ _~~~ i ~ 

j - -

~

;j= 

~I!!, ~~~~~~~~~~~~~
- 

-
- -7-

IT’

T~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~ - ‘ ,
- S - - - - ~~~~ - - - 5

- .~: v ~~~~~~~~’ ’ ’  I -- -S 
~~~~~~~~ -

~~~~~~~~~~~~~



.5 - — — —5-.— —5--- .5 —.5--- --5— -.5- ---~~~~~~~ -.5 --5- 5-—— .5 -5-,

THOMAS TYLER MOORE ASSOCIATES, INC.
PNOPES$IONAL INS NUNS AND LAND SUSQIYONS

~~~~~r2~L ~~$ATW~T~i : V ~~~19 T~~ V~HL 
- ~~~~~~~~~~ 4 R~~~~V1T~ _ _ _ _ _ _ _  

- ~~~~~~~~~~~~ I~U~L

H ~ I t ~~~ *~~ tTh~~ 
---

~
- - -  

~~

--‘--

~~~

_ _ _ _ _ _  

:~~~~~~~~~~~~~i 
_ :~~~~~~~ ‘~ 

-

_ _  

~~~~~
_ _  

- 4.OTI~I T2~~I~
~~~I~lIi t~1~~~

TT ~~T~ ffj ~~~~ 14~

pt4j ~~~~ ~~~~iith Ti~ _ 

-

r~ ii i.v’
Ju~~~ 

S

~~~~~I ~41I TI ~
7J1)T~I lIW4

—~‘-~4 -
~

-
~~~4 4 i  ~~~~~~~~~~~ ~~~~~~~~~~~~~~ _

IT~V~~~ T1~~~~~~~~ I 
5

~~ITh~~~~~~T TlI~~~~7IIi IE~~~~~4lI
5-i  1o~~

- --~~~- H  4~~~~_ 119 - i~~~4

L .V7 ’ iIJ’~~IJ 11 TM~~ IlI~~ J2DII I ~~~ .4-
-

~ 1~~ T~ t~Wtri 4a~ 
- - - —

— 
kJOTt ~~~~,J E~~~~~~~~LO~V CYL~T1~ NfliA~ . ~OtT~~ t ~i~~MLy~tv:I. 1

- - - I- - -~ - - - - - - -

—- - r-- - 
_ __i- _...__ _j_s~_ _ . 5 . 5 . 5  - - 5 -5—5 - ~~~~ 5-5--5~~~~~ —.5~ .5 .5.5

-- -~~~L _ _ _  _ _ _

_~_ 1 -
~ 7 — ---- H- - - — - - -  - - - - - — — ——

~

~~4i~~ i~:
’~~~ ~~~~~~~~.5

; 
. 5 _~~-5-5~_-5_~~ -5_-5~~~~~-5_ - - -- - - ~~-

— .- i - - - —A-—~ - - - ~5 - - ---—-A. _ _ _ . _ — _ J_._._ _..... ._ __ _ _ — -— .- - - _ -
- - 4  - - I 

-5- - --__
________  __________  ____ -— - - -

~~~~~~~~~~~~~~~~~~~~~~~~~~ f - r  ± - ..--- ~~~~~~~~~~~~~~~~~~~~~ -
-~~~~~~~~~- —~~~~~~~~~ 4 ~~~4 ~~~~~~~~~~~~

—- - - — ~~~~
-— - - - -

~~~~~~ 
- -—- — -- - — - - --  —

~~~~~~~~~
- . -  -

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~T~~~ 
- --  - -- “ _~~~ 

-
~ : -

_ _  ~~~ I r~~~~c& 1 ~~~~ 
_ _

_ _ _ _ _ _  I ~~~~ 
‘
~~~ ~~ ‘~ - t ~ I

- -.5---_ - ~~~~
—.1;-— -

~~~
___ _L_ ___ ___ 5- __ - —-.5-- 

___ _ __I_~_ --5.- I

— 
- -

- - S  - I 

a.

- I - - -~ - . ‘ .4~~~ - ... .~ -
- - 

- .- -

~ ~~~~~~~~~~~~~~~~ ~~ .
-

~~. 
- . -

- 
~~~~~~~~~~~~~~ -. -~~ - — -~ -— -

-.5.- — -~ — -~~~~~ — ‘—~~~ — —~~ -- _.55 - -.5- .5——- --5— .5- -S--i _.5-5~



- 

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _  ——--— — 

THOMAS TILER MOORE ASSOCIATEL INC.
PNOPISSION *L INSINIINS AND LAND SUR~ EYOND

-~~ ~~~~~~~~~~~~~~~~~~~~ 
- 

~~~.. - .

-

~ 
_ _  - - — -- -~~~

_  -

* 
~~

-

:~~ ~~~~~

-. S - - i — -. 5— -  5-- -5 . - -

~~~ (r2c~~~~~~~w 1 v 7 ~
44

~~~~~_
:

111lI 5 ~IlI ITIlI~lii ~~i~lll ~IiT ~~ .1IT IT
- 

-  ~~
--

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - .5 - - -

I ~~~~~~~~~ ~~~~~~ tT Z L_  - - -

D.is I P2~r~çt s” I
-

~ 

_ _ _  
_ _  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _

- -—-.5- - - - 
- 

- ______

- 

- 

~~
i_ - ~~~~~~~~ :

5 
- - I - 

IS

* - S ’ 
~I 

~~~~~~~~~~~~~ 
*..~ 

-
- - 

- -

-.5 — . 5 _.5__.5 — -5-,— 
~ 1 S

5-—— - -5-- - .—— k . _~~ __.~~~~ ~~~~~~~~~~~~~~~~~ ~.54SS• L~5 5  ~~~~ ~~___ _~ ~~~~~~~ — S~~ S_ S.5 — _ _  _ S5- ~~~~~~~~ ~~~



V - —5----—- —5 -.5 —.5- .- .5- .5- - —.5 -5. .5~__ .5 - ____

THOMAS TYLER_MOORE_ASSOCIA!& INC.
PNOPES SIONAL INS INIENS AND LAND - YONS 

__________

L 
~~~~~~ i~I IJ~~I1W: LH\V : ~~L~~V

_ _ _ _ _  

S]~~+T1~VI. ~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~47~~~~~~ ~~~~~~

_ 
~~~~~~~~~~

—
~~~~~~~ ~~~~ 

r —;-~~~~~-- 

-

.5 -ti~
-:j- 

~~~~~~~~~~~ ~~~~~~ 

— 

~~~~ W. -

-I ~~~4 ~-~~~‘° 1101 - ~~)L1

-~ :f4 li~~~~ I

I IJt0t~~ O~~L~ ~W41 ~~~~~~~ 
11 ~~~

UOIt ~~fl ~~~~1~~V I~~1X ~J1~ D~~ i~k~~~~ Ub&UIAI ALIItP ~~ 

~--- ‘ - H-- -~-~-f- --- ----— - - - -- --
- _ ; 

. 5 - -  - - - ~~- — ~~~~- - 4-  .5- -
~~~~~~~~ 

—- --~~~ - ~-— --5 — - -.5.-- - - . 5

- . 5—  - .5- - -  5- - -

- • . - -  - - - S  - -  -
-

- 5 - --— I • I

~~~~~~~~~~ - - -- — -- — ---
~
--

~
--

~
-- — - I — ±- - _ ;~~~~~~~~~~~~~~~~~ -

- .5—- ~~~- 
____ _ _  _ _

~ . - —  ~~~~~~ _—~~~~~_--- 

I I I
_ _  __ -

~~~~~~ ~~~~~~~~~~~~~~
~~~~~~~~~~~ 

J _ ~~~~~
_

. ~~~~~~~~~~~~~~~~~ - - - - _ .. - .—~~ _ -~~~~ -~~~. .--— ---- - - - -

~~~~~~~~~~ -- — — - H-— -—~—- - - - --- — --- . 5- - --

- --H- - - - —- -
~
--— - --

*f
--— - - 

~
-- - - - - - U- - - 

.5 - - --.5 - -

IlI ~i lIIlII ~~~~~TT i T l I  1 TJT~~
U TITI T~~J~ ±11 TT TI

.5- 
o.,. 

— . 5  — 5 - -  —.5—-- 

- 

IS -
- - — -- ‘

~ 
- -

4 
— ?_

~
a :- ~~~ .: - -

~~
.- -~~~~~s~~~:~~- :._~~‘~i - -~~~~~~- 

- 
-

~~~~~~~~~~~~~~~ 

.

~~~~~~~ - 
• . - 



r——--- -—---5---- ---—-------—------- —-5----- --.5------ —----.5 

~

- - —— —— -—--—--‘— - -----—-—- -—- —

~~~~~

--- ~~~~~~~~~~~~~~~~~~~ - . - - -  
-

~~~~~~~~

--- - 

TIOIAS 1YLER MOOIEASSOCIAThS~INC.
NO?IS$~ONAL INSINUN$ AND LAND YONS

~~ : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~Qu T~AU~W - ~~~~~~~~ - . S - 
~ 

~

r ~~~~~ 

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ : 
.-

S 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -- 5

-5
~

r--1--- -•—- - -- :— -—- - 
t

.5__ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - -  ;

~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ + _ f _

~ ~~~~~~~~~~~ -I 
- :

~ ~~~~~~~~ 
~~~~~~~~~~~~~~~~~

5 - +
~~~~~~~~~~~~~~ - T + $

~~~~~~

_

~~~~~~~

_ _
I t -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-~ -~~~- ~~~~ 
~~~~~~ 

9.5 --~---~-H-- - —  -
~~~~

-- -- - - - -

- 

- 

I 

- ~~
-- --f-- -L- ~

,R7 
-~~~~~~~~~~~~~~- —S—i- 

- ~~~~~~~~~ -

~~~~ -- - -

~~~~~ 
_  _  

4.5

?
~~~~~! tH.i:.: ~~~~~~~~~~~~~~~~~~~~ 

I > 
- -

~~ - 3,Y ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - — _ .~~- -— -..--~—- i -

- S .

- >— 
~~~~~~

- - 

TFI~ 
-

- )i~~ . 4  -

- 

-
~ 

.. — - . .

-H 
~~r 

-

~ 

- 
I _ _  

- 

_ _ _ _  _ _ _ _

1111111 ii ~~~ ii ii 11111 =
- -- --±- - - -•H--- 

_
4~~~~ - —- --t - .

• 

_ _ _ _ _  _ _ _ _ _  _ _  _ _ _ _ _  - 
-

. 

- -

— ± — - —
~

---i - . -S  
- 

- -  — - - •  _- -_ .-  - - 5 - - - --

1 ~~~~~~~~ A~~~ W~~2~
)1TTI TTI 

~:
-------

~~~

--- — - —  

-L j - ~
_- - - _-. ~~~~~~ - - _ .  —_ .  - .

* 

I 

~~~~~~~ç ~~~~~~~ 
_ 

- 

,. ~~ 

_ _

- - - - .T.J ~~~~~~~~~ ~
. ,, ~~~~~-. . 

IS

.5 

;_~~~~~
_ . _~~~~~~~ _~~~~~ ~ s....& -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.5 ‘



F5- - - -- ~ 5 - _ —.- - ----- - - -5- --‘ —.5’

- 

THOMAS TYLER MOORE ASSOCIR!
~,,

INC. 

-

PNO~~~E$SIONAL INSINEINS AND LAND YONS

- 

- 

- - --
I~~~~~~~~~~~~~~~~~~~~ T~~~~~~~~~~~~~~~~ 

.U~~~~ J ~~~~ 

//

- I lIrIL Ir lI~~~J_ . ~~~~~~~~~~~~~~~
~A~~~~it~

2T
~~1 II ~~~~~IlI ~~~~ 2~~~~~ - . 5 —

- -

~~~

4~ ) ILA~ H.JI~7ix~~~ tILI I~~~~~i:: tA~~T~LI1
S 

- ~~~~~~~~~ 
- 

-
-.5- - ---H 1-_ ~- -~I-~~l&--~ 

-.5

~~~~~~

-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ *

1 
~

.‘
~~~~~1: : t t h~~~b~~~~

KuwT
- .5 — ‘ . 5 -  - -~~~~~ - - • - -- ~~~ -~~~~ ~~~ - - - -

I~ 4~ ” ~ - 
- 

~3-4 ~~~~ 
- 

-
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  - 

- - - -  
—I

- 
S .1I~~~a I7 T~T T  II -

- 

- —-s  ~~~~~~~~~~~~~~~~~~~~ _ _~~~~~~~~~~~~~~ •

- - . 5- - —- --- - - -~ 5 --- — - — .5- --5

.5 - - - - ‘ - ~~~~~~~~~~- - -  -- - -h -

- - .5 - . . . :  -

A - -  5 — —  - . 5  - — -  — --5 -

- TT I

_
~~~~~~~~~~~~~ 

I 

CaIcsi Nd 

_i
~~~~~~~~~~

]

~~~~~~~~~~~~~~~~~~~~~~~~~ 

J

ShS.I ‘~

____________________ _________________________________ IS-.5- ~~~~~

- 

~ - 
I

‘I. .-~ ~~~~~ -- ,4~ -& ‘ 
S

--S - 
- - -- 

-s ’~~~~~ -

~~~~~~~~~~~-~~—-~~~~~~- - - - —~ ---- -- -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ - - -



— --5- .5—- _ _ _ _ _ _ _

- 5- - -~-5~•-5_-SS•-5-S~S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --.5 - - - .5 - - -- 5 5 -  ‘ -  5$

THOMAS TYLER MOORE ASSOCIATES, INC.
PNO~ESStONAL E N S IN EE NS  AND LAND SURVE YONS

I , 

—1

I- -

•

~i iH
— 

• ~~~
- 

~_c’ i~’ 
j

~~ 
.

~~ 
‘~~ 

cs —

-~~~~ 
I_ _ ~~~~

.5

~~~ ~~‘ ~~~~‘

U _
-

~~~~~~ =
. cs ~~~

c~~ c~

• 
- 

~~~~~~~ 
~~~~~~

- - 
_

• S —~~~~~~~~~~~
-

— — —

~~~ -~ ~~~~~ _ 
~
•

-
S 

~ ~~~~
‘ r- ~~~~~ £— ~~~-‘ r-

~~~~~~~ *~~~
- 

~~~~ ~~~~~~ t~~~~

- L — — -
.5 — 

~~
, —.

$ 
~~-‘ c~~ — —

- _ 
~
-

‘ r CAR.. ______ 

Calculations FOr:
C tsvlotsd B~ Dots ~TAt~~ Cft4 4~Ct ~~~ 

11

______  
_____  ~DU5tT_ LAKE _____

() Dots ______________________________________

- - - - — — 
a.

~
4 1’

1 -‘ 
‘ - ‘ ~~~~ 

- -S ‘—
~
# ‘1

- 
— r’ ~~~j~~t ;  ‘j ~~~

’_ ‘-
~~~~~~~~~~~~~~ -



- ~~~‘ _ ~~~~~~ S - -- ~~~~ ~~ -- -.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

_ —.5-- . 5 -

THOMAS TYLER MOORE ASSOCIATES, INC.
PRO~ EUIONAL ENSINEINS AND LAND SUNVE YORE 

—

~~~~~IIIL ~~~~~~~~~~IJi~~
— 

~~~~~~~~~~~~~~~~~

_ 5

~ç ii-

‘S ‘5— .
~~~~ ~~~~

-

- _ _ __ i_
~ ~~~r~~-~~~~~1 ~~~C’

uJ
—

__ ) — — —— —- -

~~~~~~~

-—— - .\ - - -— — — - - -
~~~~~~

-— —  .

~~~~

L_J
— — — — —- -— —- --~~~~~~~~~~~~ -- - -— — —- - -~~~ i~~~~

IL. ‘I

I

I

_ _ _ _ _
~~~~~~_ _T

5 

~~~~~u-

—

4 .

_ _ _ _ _ _ _ _ _ _ _

I 

-

_I 

~~~~~~~~~~ 

_ _  [-
~
‘
~~ 

~~~~t&~C~t~ 
- _ _

D.ts a.— 
- .. 

- - 
~~5S.5 - I

_ _ _  _ _ _  -.5 
~~~~~~~~~~~~~~~ - _ _ _  

-
~~~~~~ 

I

;; ~~~~~~~~ ~~ ~~~:



- ---‘- -.5 --—

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —

- 

- 

~~~~ (~~ )

tt R W , As~~~~~~~~~~~~~~~~~4 L L L
~? ½.~~0 

-

2~4.

i’ ~’ Q~ 0 - 
- ~~~

~~ 3ti.0 ~.l ).t Q.~

,

~~~~~~~~~~~ 

9~Q ~
;.1 12 LC -

~~~ ~OO 4.i ~.2 ?.c -
.4 

~~

~~ 41.0 ~I 4.~ ~.C
~~ 

~~ 4I~~ 5.~ 
4,’1 4~I 0 ~O 070 Q.@ i.c~ w w i.o

~ 4’i.Q ~
( F~1 4.C 09 ~.1 O.((. Q.~1 0.?b tO ~$Q ISO

4?~ ~~~~ ~.? ~~.1 (.0 4~? 0.91 Q-~ QS~~~~~~ QSW O.~l O.~i 0% 1.0
4~D iS’ C.? ~ C ~.c, ~~~ ~~~~~~ 0% ~ % 0.11 

- 

0.1V 0.b7 Q~f 1.0
4~ 1.C (..1 C.l 7.0 4~ 0,1 O.)1 0.~1 O.°~ o.c~ 0.G9 O.C~ Q.~3

44.0 ~~1 1.t t~~ ‘29 4~ 1 Q.~b Q.~~ Q.~b Q.95 (J~fi Q~F~ O~Vh O.lt~
2 !

H::
- - - - .5--- — -5—  — — .5 - — — — — — — — — —

-
I, -- - . - - - . 

-

— 
4 4 

~S

~~ ~~~~~
—

~~~~‘ 
-- 5 - -W~~~ 

- - 
- - I

-
, 

~~~~~~~~~~~~~~~ ‘ .-~~-~~~~~

.
-S ~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~_

_i.5
. 

-
-~~ -~~~~~~ -~~~~~-~~~~~~~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~_ L . 5~E~~ ~~~~~~~~~ ~~~~~~ ~~~~ -~-~~:::: - - .‘



r - — - ——— - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -
~~~~~~ , . - ..

- 
_ -~—~~~ •-—- - - S

Si

— — j  ~~~~~ _ _ _ _
~-

_ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

L 14 III ’4 ~~~ U~~ Q~ ~~, Q4 ~ (7 (~ 7 U ~A ~

0 C 0 ~c’ic ~~~t~ euc~ OF ~~t1~~ ~~ tAlUS
0~ C? 1’~J 0 ~ I%t MW ~AILI~0A7 r~1cG~/W~&t.t
IM O.4~ ~ 2’fl 41 0 1~WUC~t7 ACW~V)UG 1Q ~1G, 24 Iii

~.c4 I.~1 0* 4~ 1~~ ~IA1t~\VK(~~
’ 

~T U.~. ~ O.T., ~ H.AS ~ J1

~~ AG ‘i.?C 2~fl %~:t %2 14? 134~

ti~O ~X1~ 4.1~

~~~2 ~.CI ~ ‘ ~/l ~‘1t 419
31~ ~~ tO.i ~ Q 0 ~oi so’, w a ~12~ f C 2 K  CO~ArUrATI c’~i rur~t7~e~’ 414.t 4

)~~~O1 1IV. ~ I O.’h z~y. ~?tO ~ ~4t’ 4C41 ~U~7AUK~4~UT eL~J. Of 4l.~ \V~& tY~
IC.% I3~I II.~/1 L~ 1~ 111 ~t ~ft,f1

‘I~I44 t~ t~ I.%4 ~~~ i2~~ 1~1 \t /l~ 
(
~W

~10~% ti~4.1~101 ?.~ ?.K~9 ~tW ~Vi ~~~ ~~ (V

• 13O~ I~? ~.% ~~ ‘~)I~ 1084 (
~ %6~ 

(
~%11

1~

a I ___i ~~~
— --- —_ -5-— 

- — S - —.5-— — - - - -.5-— - - -

I - 
_
~~*-_ 5— -  - -  5- _55  - - S ’ _ _  

-.5 5* ~~- - .  - S

- - 
- ‘ 

~~~~~~~~~~~~~~~~~~~~~ 
— v-

5- 1 I
-
~ 
‘

~~. 
‘~~~~. ~Jf, s*% ’  ~~ ~ 5-

~~~ ~~~~~~~~~~~~~~~~~~~~~~ 
4~~~~I~~ ~~~ 4

—
~~~~-5--•-—~ —S-. ~~~t ._-5-5~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
- - -

- ~~~~~~~~~~~~~~~~~~~~~~~~~



F — ------S--- 5- - --.5-- ---.5- - -5-— -- — .5 r 5 - -~~~~~~~~~~~~~~~~ -”

- -- - -~~~ l~~~--- -~~~ - - -- —--- - -5— .5

OF ~1!JrS b~
( TA1LWATt~ ffO~1 ~ TM’L

I~’ ~AILI~0W r %~ /tU K~4~~~T ~Ib~ (OtFflOt~~~~~

~CCQ~V)UC It? MC. 24 11.1 “ 2~AULIC~ C~ ~~~ ~P~/~~y 
~~~~~~ ~~C.T., F H.A. 1t’51 *0 ~~~~~

~A~UrATI0~ rU~?O~ 2 4}%t ~&Vf.~A~€ T~?Of 
-

~1~IT eit~t. Of 4(.~2 ~~~~~~~~~~ 

-

__J-_*I
~~~~

_S__•S

~~~~~~~~~~

________ __ 5— — —- .5 —S-&

— 
4 — 

/ IS

‘p - - - - -
- 

—I-. - - 
- 

- , 
- ~~~~~~~~~~~~ ~~~-..- C. 

-S~~~
- 

- - -t -r ~
--  ~~~~~~~ -

- - - S 
- -

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _I~ ~~~~~~~~~~~~~ 
- - 

~ ~~~~~~~~~ ~~~



—- 5---- .5—--------- -—------S------- .5 - - 
_ _ _ _ _ _ _ _ _ _ _ _ _

THOMAS TYLER MOORE ASSOCIATES, INC.
PROFESSIONAL ENSINEINS AND LAND SURVEYORS 

I 
-

5 ’—

- — - 6’
U _

— — — — —~~~~~~~~~ - — - — — —— —  —

~~~~~~~
--

~~~~~~~~
-

~~~~~ 
r-

- k~~~
’
~~ 1L

— - - - —— —- -
\-

~~~~~~

— — — —- -
~~~~~~~

-

~~~~~~~~

— 

~-‘~~~~

Nj
- — -- - ---

~
— H— —

~~~
— -

~
-
~1 ~~~

- U-i

~~~ 
— -

- — — — —--
~~~

—- --- -\- 

N
-J
- — — —- -— — — - ~~~~~~~~~~ - - - -— — — —  S

I L ’

~~ 6’
*~~

— ~~~
L_ _ _ _ _  

~~~ a

(

V a _ _  

- 

~~~~~~~~~~~~~~~~~~~~ 
_ ____ 

Dii. 
- ___________________________________ _________ 

_____ 

-

- - - - ~~~

— 

~~~~~~ 
-- ~~~~ 

a.

* 

~;: 
~~~~~~~~~~~~

A ~~~~~ . I

it-  5-

~~~~~ - —-- - ~~~- - —  - - -—.5 ‘-- --5- -.5-- .5—-- -— . k 14 L..... ~~~~ -, . — —



r— ----- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~~~~~ -‘—----— --— - - 5  -—-- --—-~~~~~—.5-— - - - —  

THOMAS TYLER MOORE ASSOCIATES, INC.
_________ 

PN0~ IS$IONAL tNSI$tRRS AND LAND SURVEYORS 
.5

Li 5 - - -— - -r  --r 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~: I r — -

~ 

-5 

-~ - 

.5

-~~~-~~-t-~~~~ - 
~ I ~~~~~~~f -- ~ -_~~~.---4- ~---~~~ _ _ _~~~~~_

_
~~~~~~~~~ .5~~~~ _ - . 5 - - -  —‘.5- - 

•
- .5

- - I • I 1 I - 
~ 

I - - - I
- —

~~
.5- - -—- - - - -

~~~~~~~~~~~~~~~~ ~ - — — -~~ -~~~~~~
- -~~~

- - I  - t__ ~ . ~~~ - - 1- -
~ 

- - -

~~~

- - •  -

~~~~~~

-

~~

- - -  - 5 -

~H-----  ~~u r t  LL: 
r~~~~~ ~ ~ 

~ 
H T ~

L
~~ 

, -
~~ 

-.5

— 

S —r — -- — --- -- t--r-H t r ~ ~~~~~~~~~~~~~~~~~~~ ~—t------
~
— _ -- — -5- — -

~
H-

~
----- - —4-—-— hr--4---7 — — -—- -~~~— - -~~-.-.5 --—-—p— —~~ -:- —- - a - -  ~ --~~.4- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-- - H
j  ~~~~~~ I ~ ~~~~~ I ~ ~ ~ ~ ~~T ~~~ 

r i - -
~~~~~~~~ 

1-~~~ —~~ 
——

1 —

~~~

--

~~

- -H--U . ~
---

~~
--

~~ 
- -t—-+----t-— ----

~
-- 

~
- - -

~ 
—

~~
-—

~~ 
- -- - -

~~~~~~~
-—

~~~
--

~~~
-—— -

~~ 
-

~~~~
- -

-L ~~~~~ 
-

~~~~ 1 ~~~L1 ~ -- - ~~~~~
_

~~~
_

~~~
_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ i.5_

I’

_ _  _ _  _ _  

-

-

.5

-

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
i---- ~

_
~-- _L~--~___- -_

~~~~~~~~~~~~~~~~~~~~~~~~~ - 
I - ~~ - -

- ~~~~~~
- 

- r -  - - - - -—---

~~

-- 

- 

- -
~~~

-- --- 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~
~~~ ~~~~~~~ -   

I -

- - - -  ~-~~-—~ — - - - i - - - v~—~~
-- -—- *---

~-
- -- -

~~--- 

~~~~ H . 5 ./  L— f - - - - - - - - - - -
~~~~~~ — H  - -

-
~~~~~ 

--- - H —--- — -- 
.5— ~—1~ - -

2 
~~ TT~ /i~~~ 

I 

~~~~~ e ,~~~~~~- ~~~~~
- i- - -,• 
~~Hr± --4 - /__j_ 4__~_ _ ~~~_ _ -S~~~3*,4o 4 Cô

_ _ _  _ _ _ _  _ _ _  _ _ _  
H 

-

5- -- 

- - - - — - - — - - --___ ___ -

- - - - .5  - — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - - 5-  

-
~~ 

-H- —— - — - -
~~
-----

~~
-

~~~~
-- - - - - - - -  -- -

- - - - -
~~~

-- -
~~~
-

~~~
--—- --- +-- -- --- - 

- - I - I 
- I ‘ I

—H —
~~
--

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~o 
--

_  

_

_ _

_

_

_ _ _ _ _ _ _ _  

-

.5 

S=.~ 

J ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ 

L. h4~
..t / ~

- 
- - .5- r 5 ~~

- 
ø-e —.-~ ~~ •~~ 

I

4 ~5-,’~~~ _J5.•. 
~~~~ ~~~~~ •

,
~~ -~ -

- -  
-

~~~~~~~~~~~~~~~~ 
~~~~~~~~ 

‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- :~~ ~~~~~~~~~~~~~~~~~~~ :~~ ~~~~~~~~~~~~~~~~~~~~~~~ - -



r — ---.5--—--- -~~~~- .

THOMAS TYLER MOORE ASSOCIATES, INC.
PRO ~ ESSSONAL ENSINEE NS AND LAND SURVEYORS

-a

T -
~~~!~~~~~~ Ti~~~~~~~TXT

- 
, 

I

-r = ‘~ 
5-” 

1~

- 

I 

~~~~~~~~~~~~~~~~~~~ 
Oslo 

f 

co~~ alionsj or: 
oAt ~~~~~ 

1 

~~~~

- 
Dii. 

______  —— 

‘.5 - - - - 
—~~~~~~~~-- - -

- . 5-

- 
-

- - .,~ 
~~~~ ~~~~~~ ~.

.

I 
~~~ 

- ;
~~~~~:~. 

-~
:-

~~~~~~ 

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ -~~
5-
~~~~~~~~~~ - - -.z-~~~~~ -~ ____ — A



AO—A069 602 NEw JERSEY STATE DEPT OF ENVIRONMENTAL PROTECTION TRENTON F/S 13/2NATIONAL DAM SAFETY PRO6RAM. SL*ISET LAKE DAM (DE—000k6) • CHRIST—ETC(U)FEB 79 T T MOORE DACW6I YB .C—0124UNCLASSIFIED MLall ll~fl_

(

-t



r -
~~ ~~~~~~~ ~~~~~~~~~~~~~ -~ -~~

F t
TUOIAS NEI lONE ASSOCIATEL III
PNOPES$SONAL INSINUNS AND LAND *Y0N

L)
~H 4~ , -

~~~

— —  
~~~~~~~~~~~ ~~~~~~~

--

~~~

--

~~~~

- - - , — — -

H r-j \~~ / h~~~~ ~~~~

_ ..- - - .- .- . .

- 

l 
- -  - 

- 

r

_ _ _ _ _ _ _  ~Lz~ô—
~ 

.-,— .
~~ 

-
~~~~~~~~~~~~

—— . I

~~ ~~~~~~~~~~~~~~~~~~~~~~
~~~~~~ LO~J~~~

~~~~
8.5! A~It’ - i~u, (4.-,-z 75)

2 4k
- - 

— (‘U7 ( / I ~ 
~~~~~~~~~ 754 V) ik

~ 
-
~~~~7 C .

- . .

,

- . t~ 
-~~2~~7 (is~i- •J~~7) ~

1 )  - 
~~~~~~

. .

• 

_ _   _ _

~~~~~~~~~~~

-

~~~~

- -

~~~~~~~~~~~~~ . .  - . , -  - . -- -

- 
.
~:.

‘ i
~ ~~~~~~~~~ ~~~~~~~~~~ 

-y - : .

~~ .r ~~

— —~————~~ —-— — ——s-——— — 
~~~~~~~~~~~~ — ~ -.— •-

~~ ~~~~~~~~~~~~~~ — . . _
~~_• __

~~~•~~~~



— 
~~~~

,uu.u ,

16

U

• •• .• 0
•—— s . a
a . . .

• — .u• S. .
•0 a 0  N

a a

• • iA ijl .~~~~•jl S ~•P)N500 I S N
. — ~~S O. . .

— IA~~~N~~~~~~S —
.I .~~*I•• S • S •S~~
S. S • •..

~~s. • S ~I— . . S 0  S
t S ••t•I.S

~~3 S i.2 0 II—N~~~~0 ~~~~~~•1 •~~ ~—~~ 
a 0 . 5 3 0  ~a s  .1 0 • • •  S—— .
.5~I S  tr

a— .. .  .a -. : & . aa s
— . .a~~a-I a

~ S . . -”  ~ .a•_ ~~~~~S. 
— 

S Il •I5 ~
—

a
— —*~~~~~ S 4 3~~~N0 O

r
J 3 — a 1~~~~~I~~~~~~~~ f l~~ ~~S~~I.J ~~~~~~~~~~~~~
— • $ a • 33  .5

3 3 • • •  .I ~~• S
•~~~ S •dI~~S .~ -~ • —
• 0 F 4

—
•~~l S 5 ? a e0  :*,,~~~~Ir 0 0 —  a .e . a *ar , g .
5 1 0 , .  5 • e r•~~~~~o • .  S S  N
. — J 1 .  — — 3~~~ 5 00 • IS  ~ a —
• .5 5  5 • •. .  5

S

• . • 5• ~~ — — — — a a am., ,~~e• s. 5 5 4  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ - S

• - J S
• 0  t I •
• i — i ~~• . 1_ a
• v~~~a•
• S VI I  S
5 4 0 S 5 5
• t w — s5 , 1 .s
.~~ a.
• 5 0 0 5

~~$~~~~~ S . 5 5 a ? 4 5U  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-‘ 1 - S - - 
— - - - j - -~~~ .1 

~ ~~~~~~~~~~~ ~~~~~~~~~~~~

-. ~~~ 

.4
.. 

—

~~~ 
.. 

~~~

. 

~~~~~~~~~~~~~
- - - _ . -. -~ .- • ,J-

~
—— — —~-~ -~~



• - - - • - - - --—•~~~~~~~~~-

17

U

• 
C)

• 
.

y
‘
~ :~~

‘
~; 811.a
a

S

1~ • 

• 

•

L 
- - •.  — 

—



I

t ( _••) 

18 
•

ass—
S...• •  • •

::
• a td —
• 4 S •..S as
• 4 .. .. *S. S
.

• 

a
a_ N — —  S

— 5  4

I 

r
—

• VI S S 
~~~• •Is S a— aa 

—5 0 04

~~~~~~~ !— _ .
5.3 

~~~~~~~~~ :~• L ~~~~~~~~~ ~~
~~~~~~~~~~~~~~~~~~ 

o
~ f~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~

~~~~~~ : ~ ~ ~~~~~~~~~ ~~~~~II 
— 

~~~~~~ ; ~~~~1I~~~~.• :;~ ~~~ ~ISj S ~ ~ ~~;
~:II 

~ ~~
—

use~ a j ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ !I;~~

~~~~~~~~~~~~~~~~ 

5
; •

I 
~~

—

g~ —a : •‘ — — ~~ — — a — —S — • ~~S —
• , .cS• IsaI~~4 .  ~ ~

) S j  S .. . .
S t F

J . S • 
~~

_ IS— v  _ 
3— j  1

.~~~a a 51Isa S O
• S . —  S lIa~~ • * —

5 5 0 4 5  ,, _ a ,~~~— 5 3  —

• :.d— : t
• 

“~“ ~~~~~
— .33 — 3  —

S 
-
~~ I’

•• j 
— — 5 5—  

iS

o • U I H • I
•{:~1 ~

j~:. 

~~:. . 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~

~~~ 
. ~L-~ w ~~~~~~~~~~~~~~ • . .  

• -



- ~~~~~~ •
~~~~~~~ i ’ ’ ~~~~~~~~~~~~~~~ 

- —~~
---
~

-
~~• - ,—••-•_—•~~ ,- —

— 
•- — — —--—~ 

—I

• 
• 

• -

~~~~~

_

• 19

• i i j j ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .u

. . .S S S S .  • • • 5 SS • • S •  • I • I • • •  • •~~~~~• * I 5 •  5~~~ • • • • •S • S •  S • S S S S
.5 .... .....S ....... sS.. .. s..SSSS.555. S555SS 55•SSSS 55

S ... 0 S...S.5.SSSS.S .SS5* .S .S .55S.SSSS055S•SS.5S5S555555
aØ4 ~~ SSS.S .5 .5S5 .S .SSS5*SSSSSSSSSSSSSSSS5SSS•SSSSSSSSS5
•j. s a . .. .. . . . .. . . .S . . S. . .e .. . s sS . .S S S S S I  • S S • • • • 5 5 5 •,

5 5 a  51 •5 . . .55.555555555SS5.55555555SSSSSS555••.~~~5S5.S5•5

- • S ........S....S.5.S5.SSSSS55*5.5 5 5 5 S 5 5 5 5 S 5 5 5 5 5•5 5~~~~a •~~~~~ e. .55SSSS. .SSSSSSSS•S•5S5S•SS55S ~~~~~~~~~~~~~~~~~~~~~~~~~
• C • . S S SS S . S . . S  S . • .S . . . •  5 5 5 5 S* S • •* .  5 * 5 5  • S * S S S • 5  S

o ••S.. ...5.SS.. ......S.....5S5 ~~ SS S 5 S 5 S 5 S 5 5 S S 5 5 5 5 S 55

U~~
8 — a— —a _ a  a

5
0
• S S S

• -
P • . S.SS ..S S SS . SSS S S S S SO SO O S S SSS S S SSSSSSS S S5 S SS

T ~~~ T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~ 

• 5 * . . S S S S S S . 5 S S S •* S S S S S . • S S S SS * S 5 5 5 5 5 5* 5 * S S * 5 5 5 5

* z • ass~~ ..aa~s~ a• a u a m a a a a s 555.•a—NN~~~mO a 5 5 A N 4~~~~V I J S 4 40

• 
a — — Nt~~~~NS N -

• 
4 ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

. 5 . .  0 • . S S . S S . S S • SS S5 S S S S . S 5 5 5 • 5 5S5 5 5 5 5 5 5 0 0 5 0 0 5 5 5 5 5 S 5 55 0
• 0 S—  S S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

U a • 3 3 — — aaa aa a — a _ a  — * — a a a a . . a* 
a _ a _ a __ a _ a

~~~~~~~~ .51
S Is

• .5

51 7
C • S ~~ ~~~3 . . . . S . S . S . S S S S S S S S . S S S S S • • S 5 5 5S 5 5 S 5 5  • S * 5 * 5 S S •~~~~~S S S 5

~~~~~~~~ I •s S a S S S S 5 SSS S S S S Oaa SOS N N. . a0 0 4  .4*GI.Io,.N0a -a ..,aao

I
• ‘—-~ 

51

~
~~~~~~~ ..~~~..•5SSS.SSS—. . . . .O  a000.. .s• s s . . a 0 0 0 5 0 0 Ss S s S 5 5 0
t St  3 • . . . . . . . . . . . . . .S . S . . . . . . .. . . 5 . 5 • S  
I OS

L ~ a . 3 5~~~55 5 5 5 . Os 0 S S s •~~~0~~~a 0 4 ~~J leVI5 A 5 S a • 4  4 4  i a
• ~I a.sS..o....e..sSoc.:aa~~ ao V I s a a s s s 5 s • So o e*o S S S . S S a S S S O
• ~~~~ • S • S  S • S S S• S 5 • S • . 5 . .  S S . S . S 5 S • •S  5 S 5 5 5 5 S 5

s 3 3 5 •5 5 0 S 5 5 5 5 5 5 . S•  5
•5~•S4

• a
• 4 . . . . . .. .. .. .. . . . .. . .. . .. . . . . 5 . 5 . .S S. .* S S SS S S SS * *5 5

L& .p; ; _ % 4 a P $ 0 S S! ;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T~~~~~~~ ;~~i

.5  5 .  C • 54 S 4 5 S 3~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• -. e r. ~C, . .  S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I —aN  e 4 j I V I O d  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —

e.  a — a_ a  aaaaaa — a a a a aa a aaaaaaaa aa~~~~~~~~a~~~~~~~~~~~~~~~~~~~ ~ S
— s v S S N N~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• . . • S . . . . S . . . . • • S •. . . S • . S • • •. . . . • . • . . . . . . S . • • SS . . S .

a aaa a aaflaaa — a_ _ a _ a _ a— a_ _ a  — — aaaaa aaaaflafl n

( ‘ 1 -

~. - 1  I



F- -~ -~ •-—• -“ --—----------—----—

‘5
’•

~‘*~~~

• 20

U
• S S S • S 5S S S  .

a

55555•S•Ss

S S S S S S S  S S S S S
— S54~~~N0P5~~~~~SSS
— 4q5aaa
•

... ... ... . .: S.......... — . 05
• a

— S
— S.....S.... ~~~~S ..Ss ..S ...S. S a

55•S•55555 VIS 54 ~~~~~~~ *NSSSS• 5 S 5~~~~~5 5 5 5 5  5. aSeaaa
•555•55555 VIa NSVIa S

5— 5 515 OS
— a
— S S

.......... 5 5 0 4
•5S5S5SSSS ads VI
S... e .• . . .  S. a

• sssssS•s55 Na 
g

~~e Sa . .  ~~.~~~~~~~~~ • . • • • • •

~~2..

a a . .  S S S . . S S S S S  0 S aS
a S Sa5 5 4 5 5•5 5 5  0 5 7••..s..SS. 0 •SNOIII S

a •iINa : —

aaaaa 5d54#54• - PS.... .
— 03

• 5 _
~~

_
~ • ~~~~~ .5• 05SSSSSSS N • a 7 5 . . s S . . . . . . .  .5 —

... ... ... . a 4S5N~~~S a56 SSO a a~~ j  5 p . I5~~ - -
~ 0J5 1.~~ —— N 0 4

. 53_ Nql 4~S 3S5 ~ ~: :e • —3 0 5 5  5 -5 5 9
5 3

1 • S ~~~3 5 •  4 -! ~~~9aa~~~ & a 3  — ~~ — _ 0 f •~~ -. .I-•J •lS V 0 S 5 5~~5 ~ .1~~~~P . .P I s  — a. —es  s s a p  t
• - ‘~ 0~~~~ — i i  0_a
S C • . S S . . . . . i . O  S• 0 5 a~~~•..3~~~_~~ ‘ ‘p——. 3 t_  3• ‘~~ a ;  .~~3 * • 3 • 3 5 3 3 3  a a •~ a
. •• a - 5 . 5  . r ...~2 •-f~ 

•5 1 . 5  — 5 1 5  5 —
•~~~303433J3 4 S~~’e-. S ~..SSSSSSSSS. I • 3 5 $

5 $ $ 1 5 • £ 4 5  #è
.a..S.3 a.3 o f 3 C~~~~~~~~— I S $ 3 1 S  . — I  ~~:• — 5 J

S I I .  ~~~.• .I_ S ~~— $5 3• • 3 33 . 5 0 0 9 5 3  4 a i m S — i  S
.5

.-~~~~Z $ 3  S J $ 5 L  1 3  ae ~~ J.J 
•,

— •• •.......s. 5~~~ — a o

• ~~‘5.S . • 5 g s  ?~~ ~. r
• — .~~~~•
— d _  0

S
S
•S
S

•..I,... ••  5 5  5
J J*t~~~~V*a

S a S  S
5

•S a S S S SS S S
aaaa aa

-)

~~~~~~~~~~~~~~~~~~~~ •~~~~
•

-
. ~~~~~~~~~~~~

. •~~~
• ‘ : . • . - ; •  • 

~~~~~. 

$

‘

~~~~flL.~ — ~.~~~~-_
- - ~~~~ -

~~~~~~~~~~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _ _ _ _ _ _  - 

~~~~~~~ 

- - -
:•

--- -
~~

-- • --
~
•- - --- -•-••-•-- ----- 

21 

•

S S
S N

• N -

1 .
— 5 ~ S55555555555ds55535555a i55554ds555C
• a S • S S S S S S • S S S S S S S S 5S S S S S • SS 5 S SS S S S

a 
~aa S

~:1 
.~~
a5 SN Is •44#dsa4C4SSSSSPISS iliI#450aSSdNVISaa -

4 .  •0 —• 4 •..... ...... ...Ia.. *.Sdl I-0.VI4*IN
a_a aaa aaa aa aa aaaa a aat fl ••

N
V VI

51.  VI
05 51
* — a

CS *0 • S  43 5 .  45 S S 5e S S S S S S S 5 S~~~~~S S S SS 5 S S S 5 S S S 5 S 5 S S
.05 •. 9 aS 0 P3 .5 .,.N.S. .~~~5~~~.NNaa5~~~.*45S9 A*d s . a 3
5 SO SS 5 a a51 aaa

SI V a iSIs 5 .00.0555S
3 • P40 .45 4 4 40

. 0 0 0
. T~~

4*  30 — £
a ~~~. S
S • *S  S a ........ •.......S.•.$.

S •~~ & 5 5  51 4 ~~0 S S 5 3 3 0 3 S 0 3 0 3 C J a 4 4 5 I* S S . 5 $a a IsS• a S
3 5 $  5 4$ aS 4 .4 0 5

•5 0 •  0 &
~~I ~~4as .4 F • ~~~~

*3  .1 4 S IV 1

43 0
45 3* •S lS 0 S 3 5 3• - . S S S O S S• 3 S $ 3 - 3 5 P* C S S• S S O* 5 •

2 3
,t •. 5 3  51. 5 • e • 5 S  
$ 5  0 4 $  .5 3 ~~_3 ~~~~ V 5 I S I S . 0 a• a N a• * 5 0 3 S —a 5 5 i 5• a A J $3• s c a  • . . aa • t

4 ~— ,_ •  — —a-3

.4; .1
• 5 =  .5

~ — ;  — •— ~ — : ~‘ ::J;~~ ~~S ?  3~~~S~~~ . ’ 9 ? ~~ ~~~~~~~~~~~~~~~~~— 1 if  i a — i 3 i 0~~~0~~~ 3S 0~~~~~~~~Si $ — i  i i C i - 3 S 3
£ 

~

.5— 4
17 •

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
• S 5 5 5 5  

• • a a -, — a .s . ~ ~~a —

.3 .. 3 a S.. .r
a .., ..5. ‘.5

a S
S —

- 4 5 a ~S
— a a —

• — 4 ij a
a a 4V 5 1 0 5

U C a
C U  51

( -
)

* 

- - 

4 .. 5 .6.~ ..— . ‘• j~ • I

- •
~

•:
~ • :  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• .1 • . 

•

. . 
• 

p

• - ~~~~~~~~~~~~~~~ •:.. • 
- 

• : 
‘~~~~ ~~~~~~~ ~~~ 

* .~~ 
—

- —~~~~ -~~~_;:___~~- -.---‘-~ *.LL .~- ~~~~~~~ - —_-—.—- -~~~ ~~~~~~~~~~ 
— 

• 
- .- -



r• ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ —

22

a . S . a a s 5N a a N_ 5 N d s C N a S* N . 0 d s I $ $ NaS S S S N C 4 . 0 a I C 5~dN N a a a a S S•5 5 S S 5 d s S S S S
•~~~~~5 5 S S 5S S S S . •  I S  5 5 I  S 5 SS  • S S S S • S S S  5 5 5 5 55  S 5 S S SS I S S S S S I S  I S • • S I • S S

..••...•S•...S .S ...•......••S.....•..S.•.•S.SS...•S .....••S.

a a a • a iS IV !5 a aId 5515 455 SW N aaaa aaa a aa aaa aaa — a aaa aa

• 5 5 5 55 5 5 • 5 I S S S S S S S  S S S S S *  5 5  • S S S S * S t •  5 S 5 5 S . S • . .  • S 5 •  • S S S  $ 5 5 5 5 . 5

•.* ds.. INSiSIAP4NS~~~NiS 4~~~4SaCSN0N0Sl5 ONaSaS3a0a00VII SiSiS45SP4*aaaa

~~31555 laS O  ~~NIV..S0 SN 5.0451 ~~ iSl555S5..a. $

• • . $ . . .• $ S • •  $ 5  S . 

• C 

.3 3 _ 3 3 5 3 3~~. 3 3 3 ; 5~~~3 o 3 3 s 3 s Se . 5 a s S s s O s S S s S e os O S O : o o o S* C 0 O S S S S 0 S 0

••• ••••. 
_ _ _ _ _ 5 5 % V S~~~S5 5 5 P 4 V 5 5~~~5 i S i S 5 C 5 C i S i S i S~~~” 1 . 5 5 5 5 . 5 5 4  •••••a•••• ~~i

...—•— ‘. ~~
, , a a .  i a a a a a s~ . S a s . . ~~~ •o e  *0  & SS N N SNN N S C  S . C  s . S•  & 1 . 0 0 0

= ; . -: - I; - - - C C 3 5  C = C :  C~~~ C SC ,0C5. 04 :1 

% 5_  %_~~ ~~~~~~ 

• ;  ~~~~~~ 
• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

5 5 1 5 5 5 5 5 5 5 5$

a a a  — a — a

-
•

-
~~~ 

(• - S

~

______________________________ ____________________________________ _____________________

- 

~~ 
a 

~~ 

- 
— 

-
~

~~~~~~~~~~~~~~~~



-~~~~~~ - - -—-~ - - ~--- ~—,----— -

_ _ _ _ _ _ _  — 

23

S
S
S
a
Ss,,,. ,.p.. a, .S, ,a~~~.,s,•,..3,....•......•.. ..... .... S 5 S

i,,,_$,, •, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5
*

3 5 4 $ . . — —   a—,  o a , - *~~• o o —  •$ JN
5,5 — S

S
.4 5
4 5
— S

• . 5 5 5 5 5 5 4 5 5 S 5 • 5 • 5• • 5 5 5 . . • • 5•  1 S 
3 3 0 9 3~~~~~~33 ~~~~~~3~~~~3 5

~-s.• S
.

-t . . 0  • S
3 0 5 -SI 0 1
Ct C.— S .aS
r a  4 5 , 4 ,

4 : — , , , -~~~r

r’ .~ i s- c ’ ’I... ‘.\.9 I
.10~~~3 3 3 0 3 3 3~~~ O 3 0 3 3 S 3 3 C 0 3 3 3 3~~~ 3 S — S

9

0 . — C 1 . 5S 3 a a a 9 9 i i* 3 S I S I O 0 s r s~~~~ ’ 3 1a s s , , ,  f , 5 , 5 , 5 , 5 f i 4 $ , 5 4 ’ , 5 4 $ , 5 , 5 , 5 , 5 4 $ , 5 f .r ~~ 45 4 ’

::
‘. 5  4 5 5 s  0 a - . U I A S s  s 3a~~~ i5  5 3 5 3 ‘1. • S
0? I5?P::,.4:~~~~~.~~~~, . 5 . 1 1

U ,  ~~~~~~

p
- . •• 5

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 3 ~ S — C  $ 
I r ~~~~~ I

.~~~~~~: ~~~~~‘a % i ’ . i S5 . I t O a . • s• a S • 1 . . .~~~ — .
I’’-’. —

5. 5
- ,~~ _ t . ;  - 3 - - —

•_ S V
.5

4 _ I  I .

~~~~~ :~~~~ 

‘

: 
-~~~ p



r~ ‘~o~~ ~-‘-~~~~~~ — ~ —~~
-— -.--- ---—-~~ —• --—

24

IS,
7
0
5.

• 4

I

I) I a n
? 3IV, ,.i Is

P a N
4I4 s.J r~55- 51

—
1 .1 _J

-I

p
I ~ —

Is U VI
5151

—
S ty

SI -:
— SI _i — ——~~~ I —

• I - S r  — 5
‘.‘

— - -‘•.4 ,. S — —
S .

,

~~~~ 
S

- SI..

.1; ‘~;— • 5 5 1  •~~

-
-

I
N

N C.

S 
‘

I’. 5
-

SI 
0 

,~~ ~~~~~~rr4~~~~” r - - ~~~~~~~~~~ ~~-s~s~~~~ - — -



— ~—-~~~ - -.—‘- -~~~ - —5—.----- — — — --- -S — -4 --- — -_ 
~~~~~~~~~~~~~~ -S -’- - •~~ •—_--

1

- - - .- - 5-

25

(_ -
~

0
~~S 0

51.43 Si_a  e
— C s
N 5.

3
0

IS—S0 5 . 4 5  0

-4S 3~~ ~
~~~3 • •  ~

01 
~~~~A , .  ~~~*S

— is_  I
~~. I,

S
— 3

C
— z is

A’ 4 1
— 5 a5

if I II
% — ,-
5... ’ A 4~4 SI

7 II ~~~ •4 U~~~-’U 3.-a T i
• •a ~~ —5-. 

In  
!. -

~~~~ ,~

-1

5 5 5

f4I~ A
Ii — I I  -4$

5. -3 4. 3.4
• .4
* I —. .  :i’

• S
, I s —
-3

• a

. 
~~~

i 

~~~~~~~~

—.~~ 
, 5~~~a WI

• 5 . .  • 5,.
— S I  —

, - _ -, 5 _ o n •Si n _I

—‘v ’5 -
.5 —

:
_ _ _ _  -——

~~~~~~~~

—-  --_-
~~~~~~~~~~~~~~~~~~~~~ ;_

•
~~ ; -

.
•~~~~

--- •-.

~~~~~~~~
- - • -  

p

_ _  -. -51


